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ADVERTISEMENT. 



When the fifth edition of this treatise appeared in 
1865, by way of making room for the closely-printed 
Appendix of Notes and the Index which were then 
addedy not to increase the size of the volume " Notes 
on Concrete," by Lieut.-Col. Sir William Denisou, 
Royal Engineers, and Governor of Madras, with re- 
marks by Major-Gen. Sir William Reidj of the same 
branch of the service, were omitted. Both these gentle- 
men, whose great professional experience entitles any 
opinion of theirs to much respect, deprecate the use of 
concrete in situations exposed to the alternate action of 
water and air in a climate like ours, and adduce the 
decayed state of the river-walls at Woojwich and 
Chatham, as communicated by General Sir C. Pasley, 
R.E., resulting from severe frost and rapid thaw, as 
evidence in confirmation. On the other hand, the 
concrete blocks at Dover Harbour, and in the break- 
water at Cherbourg, are shown to have answered per- 
fectly. The bStan, or rough rubble masonry, executed 
with cement or mortar by the Romans and during the 
middle ages, was, no doubt, very superior to our modern 
concrete, and though, on the whole, concrete has been 
found to answer admirably in some situations, in others 
it haft failed as conspicuously. In Mr. Dobson's trea- 
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tise on "Foundations and Concrete Work," which 
forms one of the volumes of this series, the reader will 
find an account of such h4ton works recently executed 
in the harbour of Algiers, which cannot fail to interest 
him. 

These few words were necessary tc# account for re- 
inserting Sir "William Denison's " Notes on Concrete," 
in the preliminary portion of the present volume, as 
some purchasers have expressed disappointment at th^ir 
exclusion from the former edition. 



PREFACE. 



The object the author of the following treatise liaa 
proposed to himself has been to put into as condensed 
a form as was consistent with the nature of the subject 
the knowledge and information dispersed through a 
numerous collection of authors who have treated there- 
upon. They are mostly in foreign languages ; for it is 
much to be regretted that our own scientific authorities 
have not thought it worth their while to occupy them- 
selves with this highly important branch of practical 
chemistry. 

The author has endeavoured, as conscientiously as 
possible, to avoid any questionable theory, or to quote 
as practical results any cases of whose correctness 
reasonable doubts might be entertained. There are, 
it is true, some theories propounded, some practices 
reconamended, which are in direct contradiction to 
those usually received in England. They have not, 
however, been so advanced, unless the long experience 
of the most distinguished foreign engineers has war- 
ranted him in believing that our own practice is based 
entirely upon prejudice. We are, whether for good or 
for evil, essentially a practical nation — we have a dislike 
to theory, almost to analysis — we examine reluctantly 
any habit we have long followed. As in politics, so 
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we are even in building. Oar forefathers made mortar 
in one way, as perfect as their knowledge admitted^ 
and doubtlessly that way was all that was practically 
necessary to secure the results then sought for — so we 
continue without examination in the track they beat 
for us. Our requiremonts are> however, very different* 
Railroads, and the constructions they necessitate, have 
modified very materially the science of construction. 
In England, especially of late years, works have been 
executed which so immeasurably surpass in boldness 
anything which had been previously attempted, that 
we may be justified in expressing our surprise that so 
few attempts have been made to ascertain the real 
nature of the materials dealt with. Is it not to this 
neglect that we may attribute the numerous failures 
we read of? 

Some of these fiiilures have been so remarkable, and 
some recent business transactions have displayed so 
singular an inattention to the nature and properties of 
lime, that the author deems it his right to provoke a 
discussion upon the subject, trusting that abler heads 
and hands will complete what he has so imperfectly 
begun. This branch of chemical knowledge has been 
so entirely "revolutionised" of late, so much uncer- 
tainty still remains to overshadow it, that it would be 
worse than folly to make any assertion which would 
lead to a belief that even the very ftmdamental prin- 
ciples were not, even now, susceptible of modification. 
That which is to be desired above all things is to rouse 
the professions of engineers and architects fi*om the 
apathy with which they treat such subjects as the one 
before us — the very alpha and omega of their business. 
There is, however, something so invidious in attacking 
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openly a generally received opinion, as the author has 
done with respect to the mode of making mortar prac- 
tised in this country, page 66 and subsequently, that 
he throws hinxsolf upon the consideration of his pro- 
fessional bretljren^ in the hope that they will excuse 
his boldness on the score of his sincere desire to 
advance the true interests of science. 

At the same time the author would beg to protest 
very energetically against the " rule-of-thumb " methods 
which prevail in England in the manipulation of mor- 
tars. Architects and engineers, it is true, prescribe 
certain proportions of lime and sand to be employed ; 
but in practice " the foreman of the pug-mill," as the 
labourers call the person entrusted with this work, is 
the only authority, and he mixes the ingredients pre- 
cisely as it suits his fancy. In reality, mortar-maldng 
is a branch of practical chemistry — on a large scale, it 
is true — one which does not admit of the care and 
exactness of the laboratory. But the safety of a 
building often depends upon the perfection with which 
this operation is executed, and a certain aiaount of 
scientific acquirements is necessary to insure that per- 
fection. For more than twenty-five years the author 
has been employed in building operations ; but in the 
whole course of his experience he never saw in any 
construction, in England, a measure used to ascertain 
the proportions of the ingredients employed for making 
mortar. 

We have seen of late years far too many accidents 
happen, too many absurdities committed, not to render 
it necessary to protest loudly against the carelessness 
with which the use of limes is regarded. One of the 
most important works executed of late years in Londoo 
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was built upon concrete made of stone lime, to which 
iron filings were added at a most tremendous and 
useless expense. Another large work was described 
in the specification to be executed with hydraulic lime ; 
and the engineer allowed common Medway stone lime 
to be used, although it is very far from being what is 
properly called an hydraulic lime. We have known 
viaducts with piers 100 feet high executed with chalk 
lime; they have fallen, and been rebuilt with the 
hydraulic lime which only ought to have been em • 
ployed ; and we hear of pozzolana being used still in 
sea works. Surely, therefore, any examination of the 
nature of the materials to be used, which will here- 
after prevent a repetition of such mistakes, must be 
of service. 

The different scientific associations connected with 
building would confer a great boon upon the public 
if they would undertake a series of investigations 
upon the still undecided questions connected with the 
chemistry of their respective professions, and also if 
they would make a statistical statement of our mineral 
wealth, as far at least as building materials are con- 
cerned. We require a series of observations upon the 
geological and geographical distribution of the rocks 
able to furnish hydraulic limes. A synopsis of the 
building stones is also a desideratum ; for the Parlia- 
mentary report upon the subject was very far indeed 
from being a satisfactory solution of its difficulties. 
Such an inquiry should be undertaken under the 
auspices of the united bodies of the engineers and 
arcliitects. 
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NOTES ON CONCRETE. 

BY LIEUT.-COL. SIR WILLIAM DENISON, ROYAL ENGINEERS 



The very general employment of the mixture of lime and 
gxayel, commonly known by thd name of concrete^ in all fonnda- 
tions where^ from the nature of the soil^ precautions against partial 
settlements appear necessary, and the great probability of an 
extension of its use^ in situations where the materials of which it 
is composed are easilj and cheaply procured, must of course render 
it a suDJect of great mterest to the engineer. 

The paper which conveys information on this subject is an 
essay by Mr. G. Godwin. in this essay many instances are 
brought forward of the employment by the ancients of a mixture 
analogous to concrete, both for foundations and for walls. Several 
cases are also mentioned in which, of late years, it has been used 
advantageously for foundations by some of the most distinguished 
architects and civil engineers. In these latter instances, tne pro- 
portion of the ingredients varies from one of lime and two of gravel, 
to one of lime and twelve of travel ; the lime being in most cases 
Dorking lime, and the gravel Thames ballast.* &e proportion, 
however, most commonly used now, in and about London, is one 
of lime to seven of ballast, though, irom experiments made at the 
building of the Westminster new Bridewell, it would appear that 
one of fime to eight of ballast made the most perfect concretion. 

Concrete compounded solely of lime and screened stones will 
never assume a consistence at tJl equal to that of which sand forms 
a part. The north wing of Buckingham Palace affords an instance 

* It is a question for consideration, whether a great variebr of sizes in the 
mateiials used wonld not form the most sdiid as well as the hardest walL 
The walls of the fortress of Ciadad Rodrigo, in Spain, are of concrete. The 
marks of the boards, which retained the semi-flnid matter in their construc- 
tion, are everywhere perfectly visible ; and besides sand and gravel there are 
everywhere large quantities of round boulder stones in the wall, from four 
CO six inches in diameter, procured from the ground around the city, which 
if everywhere covered with ihenL-^Major-Gen. Sir W, Reid^ R,E. 
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of this. It was first erected on a mass of concrete composed ot 
]ime and stones, and when subsequent alterations made it neces- 
wry to take down the building, and remove the foundation, this 
was found not to have concrete into a mass. 

Mr. Godwin states, as the result of seyeral experiments, that two 
parts of stones and one of sand, with sufficient lime (dependent 
upon the quality of the material) to mLke good mortar with the 
latter, formed the best concrete. As the quality cf tiie concretf« 
depends therefore on the goodness of the mortar composed of th« 
lime and sand, and as this must vary with the quality of the lime, 
no fixed proportions can of course be laid down which will suit 
eyeijr case. The proportions must be determined by experiment, 
but m no case should the quantity of sand be less than double that 
of the lime. The best mode of compounding the concrete is to 
Aoroughly mix the lime, preyiously groimd, witii the ballast in a 
dry state; sufficient water being tnen thrown over it to effect a 
perfect mixture, it should be turned over at least twice with 
shoyels, and then wheeled away instantly for use. In some cases, 
where a gnat quantity of concrete has to be used, it has been found 
adyisable to employ a pug-mill to mix the ingiedients ; in eyery 
case it should be used not.* 

With regard to the quantity of water that should be employed 
in forming concrete, there is some difference of opinion ; out as 
it is usually desirable that the mass should set as rapidly as possible, 
it is not adyisable to use more water than is necessary to bring 
about a perfect mixture^ of the ingredients. A sreat chauffe of 
bulk takes place in the ingredients of concrete Tnien mixed to- 
gether. A cubic yard of ballast, with the due proportion of lime 
and water, will not make a cubic yard of concrete. Mr. GKxLwin, 
from seyeral experiments made with Thames ballast, condudea 
ihat the diminution is about oue-fiftL To form a cubical yard 
dierefore ot concrete, tiie proportion of lime being one-eiffh4 of 
the quantity of ballast, it requires about thirty cubic feet of ballast, 
and three and three-quarters cubic feet of ground lime, with suffi- 
cient water to effect the admixture. 

An expansion takes place in the concrete during the slaking of 
the lime, of which an important use has been made in the under- 
pinning of walls. The extent of this expansion has been found to 

* It is stated that the setting of ordinary lime restdts from the absorption 
of carbonic acid gas from the atmosphere. That the limes of mortars become 
Boooer or later carbonates is most certain, but there is no proof that mis is 
the cause of their cohesion ; indeed, there is eyery reason to donbt it. It is 
more probable that new attractive properties are acquired at the moment that 
hydrates of Ume are formed from calcined lime and water, when in cToie 
nnion with silez, alumina, and some other substances, and that the properties 
first acquired at that time do not cease immediately, but continue, if undis- 
turbed, for ages. — Major-Gen. Sir W, Eeid, R,K 
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amount to about three-eighths of an inch to every foot in height, 
and the size thus gained the concrete never loses. 

The examples from which the above rules are deduced are 
principally of buildings erected in or about London ; the lime used 
18 chiefly from Dorking, and the ballast from the Thames. It is 
very demrable that a more extended collection of facts should be 
made, that the proportions of the materials, when other Hmes and 
gravels are usea, should be stated, in order that some certain rules 
may be laid down by which the employment of concrete may be 
regulated under the various circumstances which continually pre- 
sent themselves in practice. 

The Dorking ana Hailing limes are slightly hydraulic. Will 
common Umes, such as chalk and common stone-lime, answer for 
forming foundations of concrete, where the soil, although damp, i& 
not exposed to running water P Is it possible, even with hydraulic 
Ume, to form a mass of concrete in running water P * If common 
lime will not answer, may it not be made efficient by a slight 
mixture of cement P These, and questions similar to these, are 
of great interest ; and facts which elucidate them will be valuable 
contributions to tiie stock of knowledge on this subject. 

Description of the Method adopted hy Mr, Taylor, for Underpinning 
with Concrete the Storehouses in Chatham Dock-yard, 

One of the lar^e storehouses in Chatham dock-yard having for 
some time exhibited serious defects in its walls, the attention of 
the Admiralty was directed to it in the year 1884, and Mr. Taylor, 
the civil engineer and architect, was directed to report upon the 
best mode of obviating the evil. 

Upon investigation, tjie foundation of the storehouse (a building 
640 feet in len^h, and 60 in breadth) was found to be in a very 
bad state ; the front wall, nearest the river, had originally been 
built upon piles, while the rear wall was laid upon an upper stratum 
of five or SIX inch plank, supported by two rows of transverse and 

* As all limes are soluble, more or less, in fresh water, this seems very 
doabtftd. Any attempt to check a sprine, or stop the course of running 
water with fresh concrete, will certainly fail. An instance of this was seen at 
Chatham, in constructing a dock : in the floor of the dock were several sprinefs, 
which, in spite of every attempt to check them with concrete, continuaBy 
jnade their way to the surface, and in every case it was found that the lime 
had been washed away from the mass, leaving only the gravel and sand 
behind. Eventually it was found necessary to cany away the water in an 
iron pipe, and discharge it into the drain outside the dock. Mr. Godwin 
states, that the dock at Woolwich failed from using separate moulded masses 
of concrete instead of employing it as one whole. In this case, had separate 
masses been used, and laid in cement, the work might have been carried on, 
diough it might perhaps have failed eventually, from the solubility of tfa« 
lime in froah water affecting the blocks.^ W. D. 



XiV NOTES ON CONCRETE. 

longitudinal oak sleepers lying on the surface of the ground, which 
in tnis case was of a yariable consistence, containing flints bedded in 
% sort of day, quite pervious to the water, which at high tide rose 
some height upon the foundation. The sleepers and heads of the 
piles at the front of the building, thus exposed to alternate moisture 
and dryness, were in a state of rapid decay ; in some places they 
were even reduced to a powder; and it was possible for a man to 
move under the walls in the space previously occupied by the 
timber. In the rear, the case was pretty much the same; the 
sleepers were universallv in a state of decay, but in some places 
were much further advanced towards decomposition than in 
others. 

The state of the storehouse requiring immediate attention, it 
was resolved to attempt to underpin the walls. This the patentee 
for the new description of concrete, or artificial stone, undertook to 
do, having adopted a plan proposed by Mr. Taylor, for forcing the 
soft concrete against the under part ot the wall ; and he proceed 
to execute his contract in the following manner. 

I must premise, that the storehouse was vaulted underneath, and 
that the piers, or cross walls, required as much underpinning as any 
other part of the building. 

The walls were laid open to their bottom, both inside and outside 
the building; in the front, the heads of the piles and the sleepers 
were removed for a depth of about four feet Wow the bottom of 
the wall, and for lengths of about five feet at one time. In the 
rear, all the planks and sleepers were removed for the same distance. 
A mass of concrete, composed of one-eighth of Hailing lime (re- 
duced to a nowder by grinding, and in a perfectly caustic state), and 
seven-eightns of Thames ballast, mixed up with so much boiling 
water as to reduce the whole to a pasly consistence, was then 
thrown from a height of about fifteen feet underneath the wall : 
it was allowed to project about a foot on each side, where it was 
confined by planks, and after being roughly levelled, it was well 
rammed, to give it as much consistence as possible. This mass 
was raised about three feet, or to within one foot of the bottom 
of the wall ; it was then carefully levelled, and covered with half- 
inch slates. A kind of framework was then placed on the slates, 
consisting of two cross-plates of iron, placed perpendicularly to the 
direction of the wall, about one foot wide, and long enough to pro- 
ject about one foot on each side of the walL 

To these were fixed two frames parallel to the wall, about fom 
feet long, each carrying two sockets for screws. Within these 
frames wore placed two movable planks, long enough to pass 
just free between the cross-plates, and wide enough to fit nearly 
the space between the slates and the bottom of the wall. U^on 
these planks were sockets for the heads of the two screws, by which 
the planks were pushed forward, or withdrawr at pleasure. 
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Wlien the apparatus was fixed, and the movable planks ready 
on both sides of the wall, about two barrowfuls of concrete, 
mixed as stated, were thrown in from above ; the workmen below 
then commenced turning the screws on each side simultaneously, 
moving the two planks towards the centre of the wall, and forcing 
the concrete before them into all the vacant spaces, and against 
the bottom of the wall. When the plank was forced forward as 
far as it would go, by the strength of two men to each screw, the con- 
crete was allowea to rest for about five or ten minutes, oy which 
time it had set hard enough to stand by itself, and its expansion 
in the act of setting completed what the pressure of the screws 
might have left imaone. The planks were then withdrawn, another 
charge thrown in on each side, and compressed as before, and this 
was continued till the whole space between the frames was filled 
with concrete. The screws were then removed, the boards and 
frames imbolted and taken out, and lastly, the side-plates were 
withdrawn, leaving an interval of about three-quarters of an inch 
between each mass of concrete, which space was afterwards filled 
in with grout. 

The above description is given from notes taken at the time. 
The proportion of lime to gravel is as one to six ; and such is the 
efficiency of the concrete in the mode in which it was applied, 
that no settlement has taken place since the work was completed. 

Agdn, circumstances have caused me, since the foregoing was 
written, to pay particular attention to the a]^plication that has 
been made of late years of concrete, or artificial stone, to the 
various purposes of construction ; and I shall now briefly state the 
experiments that I have made or witnessed on this subject, and 
the conclusions that may be fairly deduced from the results of 
these experiments. 

The first experiment was made with the view of ascertaining 
whether a mass of concrete made with Aberthaw lime would 
resist the chemical action of water : for this purpose a small block, 
which had been prepared for nearly two years, was immersed for 
some time in distilled water, and upon applying the proper test to 
the water, it was found to have combinea with a portion of the 
lime in the block. Having mentioned this circumstance to Sir M. 
]?araday, he suggested that it was probable the block contained a 
quantity of lime in an uncombined state ; and recommended that 
it should be placed in a running stream for some time, in order to 
wash it thoroughly : this was accordingly done, by suspending the 
block for two months under a hulk in the river, cd^ter which, 
having again soaked it in distilled water for a week, hardly any 
trace of ume could be detected in the water by the application of 
the most delicate tests. This experiment then appears to prove 
that concrete, composed of proper materials (hydraulic lime and 
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gravel), does not suSer by the chemical action of water. Expori* 
ment f^o. 2 was made in order to ascertain the strength of a block 
of concrete 2 ft. 6 in. long, 1 ft. 6 in. broad, and 1 ft. deep, 
which had been made for two years, and would have been used as 
a stretcher in the river wall at Woolwich. A shackle was placed 
roimd the centre of the block, and two others at the extremities, 
at the distance of 11^ inches each from the centre : a force being 
applied to the two end shackles by means of the hydraulic press, 
the block broke in the centre, under a strain of 4 tons 11 cwt. 1 
did not prosecute the experiment upon the strength of this mate- 
riid any further, having sent down some blocks to Gen. Sir 0. 
Pasley, E.E., who had investigated the same subject, and the 
result of the experiments are as follows : — 

Three stones, each 8 feet long, 18 inches wide, and 15 inches 
deep, were supported upon props 27 inches apart; weights being 
then applied to the centre of each, the first broke with 6,285 lbs., 
the second with 5,141 lbs., and the third with 2,930 lbs. This 
last had probably some iiaw ; taking therefore the mean of the two 
first only, the result will be 5,713 lbs. 

A piece of York paving, 7^ inches deep, 13 inches wide, and the 
same distance (27 inches) between the supports, broke with a 
weight of 13,512 lbs. The value of the constant S, in these two 

cases, deduced from the formula fi^= j^j-, will be for concrete 9*6, 

and for York paving 124*7, being about in the proportion of 
ltol3. 

The experiments 1 have had the opportunity of witnessing, and 
which oner by far the most instructive results, have been the 
practical application of concrete to the construction of river walls 
at Woolwicn and Chatham. In one instance, at Woolwich, it has 
been applied in mass, the wall having been constructed in the 
same manner as the Brighton sea-wall: in both the other in- 
stances at Woolwich and Chatham, the concrete was formed into 
blocks, which were allowed ample time to set and harden before 
they were built into the face of the wall. 

At Woolwich the river-wall is for the most part founded upon 
piles ; its height above the piles is about 24 feet, the thickness at 
Dottom 9 feet^ at top 5 feet, with a slope or batter in front of 3 feet 
in 22 : the face of this wall is composed of the above-mentioned 
blocks, which are laid in cement, m courses 1 ft. 6 in. in height, 
the headers and stretchers in the course being each 2 ft. 6 in. long, 
the former having a bed of 2 feet, while me latter have only 1 
foot ; behind the facing the rough concrete is thrown in to com- 
plete the thickness of the wall and counter-forts. Both the blocks 
and the rough concrete are composed of lime and gravel, in the 
proportion of 1 to 7, and brought to the proper consistence with 
boifing water; but the blocks are, or ought to be, made with 
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Aberthaw lime, while Dorking lime is used for the rest of the 
work. The blocks are cast in moulds, and are submitted to pres- 
sure while setting : a coating of finer stufE is giyen to the face for 
the sake of appearance. The whole of the wall is built by tide 
work, and in tne lower part therefore the backing of rough con- 
crete has hardly time to set before it is covered by the tide ; the 
water, however, in this instance, appears to affect the surface of 
the mass only, the interior, at the aet>th of a few inches, being 
generally speaking dry, and of a moderate degree of hardness when 
examined after the retirement of the tide. 

During the summer the action of the water from day to day 
u]^on the facing of the river-wall was not perceptible ; the surface 
still remained moderately hard ; occasionally portions of the fine 
facing separated from the rest of the block, owin^, it was said, 
sometimes to want of care in the original construction, sometimes 
to injuries caused by boats or vessels striking the weil : in these 
cases, however, a new facing of cement was applied, and before the 
winter the general appearance of the wall was to a certain extent 
satisfactory. 

During the hard frost, however, evidences of failure began to 
show themselves ; and as soon as tne thaw allowed a thoroue^h in- 
spection of the face of the wall to be made, it was found that 
hardly a single block had escaped without some damage ; in many 
instances the whole face had peeled off to the depth of half an 
inch ; and at one spot, where a drain discharged itself into the 
river from a height of about six or eight feet, the back action of the 
water after its fall had worn away the lower courses to the depth of 
some inches : these were the evidences of the action of frost and 
water combined upon the best constructed wall at Woolwich. At 
Chatham they were of the same character, but the damage done 
to the wall was much greater. 

The portion of river-wall at Woolwich which was built with 
rouffh concrete had been severely injured by the common action 
of the water before the frost; and the latter has onlj caused the 
destruction of the face to proceed with greater rapidity. Since 
the frost I have examined the walls of a school near Blackheath, 
which was built with concrete some years a^o : 1 found that at the 
ground line, where the drin of the water had acted, the concrete 
was soft, and yielded easily to any force applied, wnile the walls 
above were very fairly hard, and seemed to nave stood very well. 

These then are the facts I have to submit^ and I think they 
afford sufficient grounds for asserting, that in climates like ours, in 
situations exposed to the alternate action of water and air, concrete 
cannot be advantageously used as a building material, the apparent 
economy, caused by the cheapness of the material employed, being 
more than compensated for by the frequency of repairs. Fxom 
the circumstance that at Chatham some of the blocks remain to a 
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eertain extent uninjured, whilst others dose to them, and ezposeC 
to exactly the same action, are completely decomposed, one would 
be tempted to infer that proper caution had not oeen used in the 
selection of the lime of wnich the latter were composed ^ and that 
had Aberthaw lime been used throughout, the damage would not 
have been near so great. But even in this case, although the frost 
might not have produced so much effect upon the work, and should 
concrete be considered perfectly impervious to chemical action, yet 
the want of tenacity, or of power to resist a very trifling force, 
renders it peculiarly mapplicable to situations where, as in wharf- 
walls, it will be exposed to damage from the collision of vessels 
and floating bodies, in addition to the constant mechauical action 
of the water. Where, however, it is protected from these causes of 
destruction, as in foundations, its value is imquestionable ; and 
even in the backing of retaining walls, revetments, &c., it may in 
many cases be advantageously applied, taking care to allow it 
time to set before any great pressure is thrown upon the walL The 
specific gravity of concrete is from 120 to 130, about the same an 
tuat of brickwork. 

W. DENISONf liiEUT.-CoL. R.Ji 
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CHAPTER L 

CURSORY VIEW OF THE PROGRESS OF DISCOVERY IN 
THE SCIENCE CONNECTED WITH LIMES, ETC. 

The use of some cementing material to bind together 
the small stones or other materials employed in the 
construction of walls, and also for the purpose of giving 
them a smooth surface adapted to receive polychromic 
or other decoration, dates from a very high antiquity. 
It is, however, probable that it was subsequently to the 
discovery of the art of brickmaking, that the ancients 
arrived at that of burning lime* Indeed, the use of 
moistened clay, which was found to have a certain 
ductility, and to harden also in drying, was likely to 
have preceded that of lime, as a cement ; for the quali- 
ties and the mode of obtaining the latter were of a 
nature to require long study and great experience. 

The Assyrians and Babylonians appear to have em- 
ployed either moistened clay, or the bitumen so plenti- 
fully supplied by the springs in their country. Some 
doubt, however, exists as to whether these people did 
ever really use mortar. Captain Mignan sometdmos 
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talks of bricks which were cemented together with a 
coarse layer of lime. " At others," he says, that " be- 
tween the brickwork at irregular distances a layer of 
white substance is perceptible, varying from -f in. to 1 
in. in thickness, not unlike burnt gypsum or the sul- 
phate of lime. From the peculiarly mollified state of 
the bricks I apprehend this white powder is nothing 
more than common earth, which has undergone this 
change by the influence of the air on the clay compos- 
ing the bricks." 

The Egyptians, however, used mortar in the con- 
struction of their pyi*aniids ; and Mr. Cresy has given 
an analysis of that employed in the construction of the 
pyramid of Cheops, which shows that they possessed 
nearly as much practical knowledge of the subject as 
we do at the present day. {Theory and Practice of 
Engineering y pages 7l7 and 718.) 

Sir Gardner Wilkinson also mentions that the inte- 
riors of some of the pyramids were stuccoed, but he 
does not give any description by which we might even 
guess at the nature of the materials employed. 

The Greeks, at a very early period of their civiliza- 
tion, used compositions, of which lime was the base, to 
cover the walls constructed of unburnt bricks. Accord- 
ing to Plinius and Vitruvius, the palace of Croesus, the 
Mausoleum, and the palace of Attalus were protected, 
or ornamented, in this manner. According to Strabo, 
the walls of Tyre were built of stone set with gypsum, 
a very common material apparently in Asia Minor, and 
the centre of the old Assyrian civilization. 

In Italy the first people who employed mortar in 
their buildings were the Etruscans. Gori, in his Mia* 
ieum Etruscunij mentions that in the tombs found neai 
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their ancient cities, such as Iguvium, Clusium, Volterra, 
the constructions were made with mortar. Near Vol- 
terra also, in 1 739, a cistern, entirely built and lined 
with that materia], was discovered. A branch of this 
nation, known under the name of Tyrrhenians, were 
considered by the Greeks to have invented, or at least 
considerably improved, the art of masonry. The most 
ancient authors, such as Homer, Hesiod, Herodotus, 
and Thucydides, speak of them under that name, and 
call their walls by the word ^^tyrsis," instead of "tei- 
chos,'* the one used by the more modern authors. 
The word " tyrsis " is supposed to have had the same 
signification in the Etruscan language ; and the towers 
erected for the purpose of fortification were also called 
" tyrseis ^^ by the Greeks. 

The Romans, as is well known, derived all their 
knowledge of the arts either from the Etruscans or the 
Greeks. They added little to the general stock of 
knowledge as to the use of limes, but Yitruvius is 
the first author upon the subject whose works have 
descended to us. The text of this remarkable man's 
work shows that the ancients, although they adopted 
a different scientific phraseology from that in fashion 
in the 18th century, knew as much of the laws regulat- 
ing this branch of chemistry as the moderns of that 
time. For all practical purposes Vitruvius is even now 
as safe a guide as most of the authors who treated the 
subject subsequently; at least until' we arrive at the 
researches of M. Yicat. (See VitruviuSy book ii., ch. 5.) 

Plinius and St. Augustin treat occasionally about 
limes and cements ; the former, principally to complain 
of the malpractices of the builders ; the latter, to seek 
metaphysical comparisons. On the revival of litera* 
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tare, after the Cimmerian darkness of the middle ages, 
which it is now so much the fashion to admire, the 
authors who treated upon the art of building, such as 
Alberti, Palladio, Barbaro, Philibert de POrme, Sca- 
mozzi, Savot, Bullet^ and Blondel, did little more than 
follow in the traces of Vitruvius. There was a differ- 
ence of opinion, it is true, as to the quality of sand 
which it was most advisable to use : some new limes, 
some puzzolanos, terrass, and ashes, were employed to 
give to certain other limes the faculty of setting under 
water : but until about the middle of the last century 
no advance seems to have been made towards ascer- 
taining the principles which regulate this branch of 
chemistry. 

It is, indeed, worthy of remarkj, that the more useful 
arts appear to be carefully studied until the practical 
results they are capable of producing are ascertained : 
then the rules drawn from such results are received 
implicitly for a long period, and any attempt to ascer- 
tain the laws which regulate them is regarded as use- 
less. We, the human race, appear to attain empirical 
knowledge quickly; scientific knowledge arrives at a 
much later period. So it was with limes : so it is with 
the casting and puddling of iron — a subject equally, if 
not more, interesting. 

The first serious attempt made to ascertain the 
causes which gave some limes the power of setting 
under water, and which modified their rates of harden- 
ing, was made by the father of civil engineering in 
England, John Smeaton, in 1756. Being at that time 
engaged in the construction of the Eddystone Light- 
house, he found it necessary to have a cement capable 
oi hardening at once in the water ; he therefore began 



MORTARS^ STUCCOS^ AND CONCRETES. 5 

a series of experiments^ which are detailed in his 
account of the building of that work; book iii., chap. 3. 
The results he arrived at were very remarkable, not 
only for their practical utility, but also as an illustration 
of the ease with which a very acute observer may stop 
short on this side of the attainment of a great truth. 
Smeaton found that the commonly received opinion 
that the hardest stones gave the best limes, was only 
true as far as regarded each quality considered by itsel£ 
That is to say, that of limes not £t to be used a& 
"water cements,^' thosje made of the hardest stones 
were the best for certain uses in the air; but that 
whether obtained from the hardest marble, or the soft- 
est chalk, such limes were equally useless when em- 
ployed under water. He found that all the limes 
which could set under water were obtained from the 
calcination of such limestones as contained a large por- 
tion of clay in their composition. His experiments 
led him to use, for the important work of the light- 
house, a cement compounded of blue lias lime from 
Aberthaw, and of puzzolano brought from Civita Vec- 
chia, near Rome. Even at the present day it would be 
difficult to employ a better material than this, except- 
ing that the price would ensure a preference to the 
Roman cement, then unknown. But Smeaton, after 
giving a table showing that all the water limes were 
obtained from limestones containing clay in chemical 
combination, in proportions varying from -^ to -j^, 
goes on to say, "that it remains a curious question, 
which I must leave to the learned naturalist and 
chemist, why an intermediate mixture of clay in the 
composition of limestone of any kind, either hard or 
soft, should render it capable of setting in water in a 
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manner no pure lime, I have yet seen, from any kind 
of stone whatsoever, has been capable of doing. It is 
easy to add clay in any proportion to a pure lime, but 
it produces no such effect : it is easy to add brick dust, 
either finely or coarsely powdered, to such lime in any 
proportion also; but this seems unattended witli any 
other effect than what arises from other bodies become 
porous and spongy, and therefore absorbent of water as 
already hinted, and excepting what may reasonably be 
attributed to the irony particles that red brick-dust may 
contain. In short, I have as yet found no treatment 
of pure calcareous lime that rendered it more fit to set 
in water than it is by nature, except what is to be 
derived from the admixture of trass, puzzolano, and 
some ferruginous substance of a similar nature." 

The stress Smeaton laid upon the presence of the 
ferruginous substance, led many chemists to attribute 
the hydraulicity of limes to the presence of the oxide 
of iron. Guyton de Morveau and Bergmann, finding 
the oxide of manganese in the hydraulic limes they 
analyzed, regarded it as producing the effect in ques- 
tion. Their researches were nearly contemporaneous 
with those of Smeaton. Thirty years afterwards, De 
Saussure observed that the lime of the Chamouni set 
under water, though entirely without manganese ; and 
he, therefore, like Smeaton, attributed this faculty to 
the presence of clay. In 1813, Colets Descotils, on 
analyzing the compact marl of Senonches, which yields 
on calcination a lime capable of setting rapidly under 
water, found in it nearly one quarter of silex, which led 
nim to the conclusion that the cause of the phenomenon 
consisted in the presence of a large quantity of siliceous 
matter, disseminated in very fine particles in the tissue 
of the stone itself* 
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To continue the quotation from Vicat : *^ The opinion 
of Descotils did not weaken or invalidate that of De 
Saussure^ since clay contains generally more silex than 
alumina; and the two chemists agreed^ moreover^ in 
considering the oxide of manganese^ if not as a useless 
element^ at least as one which was not essential. This 
was the state of the question in 1813; and it was with 
the ii^tention of putting an end to all doubts upon the 
subject that I decided at that epoch to proceed syn- 
thetically, and to compose hydraulic limes entirely, by 
burning diflFerent mixtures of common lime, slacked 
spontaneously, with clay: the success surpassed my 
hopes. All the clays, rich and soft to the touch, gave 
the same results; my experiments were repeated in 
Paris, in 18l7j with the limes of Cleyes and of 
Champigny, and the clay from Vauvres ; further expe- 
riments, by Mr. St. Leger, in England, and by M. 
Raucourt de Charleville, in Russia, confirmed the 
results previously obtained.^' 

The subsequent researches of the most eminent 
chemists and engineers must be considered to have 
confirmed the theoretical opinion which guided Vicat 
in his experiments, with a few recent but important 
rectifications of detail. 

Berthier, Dumas, Hassenfraz, Treussart, Thenard, 
Gay Lussac, Pet6t, Sganzin, Girard, Parandier, Minard, 
Kuhlmann, in France — John of Berlin, and Fuchs of 
Munich — Pasley, Ansted, and Way, in our own country 
—as well as most of the scientific authors who have 
treated upon the subject throughout the globe — have 
arrived at nearly the same conclusions as Vicat with 
respect to the causes which influence the different 
actions of lime. 
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The following condensed statement of the usu&Uy 
received theory may, therefore, be taken as represent- 
ing the actual state of this branch of chemical and 
engineering science. 



CHAPTER II. 



CHEMICAL THEORY OF THE ACTION OP LIMES, 
AND THEIR CLASSIFICATION. 

Pure lime, or calcium, as regarded in chemistry, is 
a metallic oxide, having strong alkaline properties. It 
is caustic, and turns green the vegetable blues. Its 
specific gravity, according to Kirwan, is 2*3 ; accord- 
ing to Berzelius, its atomic weight is 20*5 ; according 
to Dumas, it is 20. It is very difficult of fusion, but 
greatly assists the fusion of other earthy bodies. At 
an ordinary temperature, pure water can dissolve y|^ 
of its own weight of limcj but, when boiling, it dis- 
solves less. Dr. Dalton states that water at the fol- 
lowing degrees of the centigrade scale will dissolve 
the following proportions of lime, and of its hydrate ; 
viz.. 

At 15° 5 centigrade it dissolves ^f^ of lime, and j^i^ of the hydrate. 
II 50 II II y^ II j^ II 

II 100 II II TaTTF >f irJl »» 

The pure metallic base never occurs in nature, nor 
docs pure lime, its protoxide. If the pure lime were 
exposed for a period, however short, it would absorb 
the water and carbonic acid gas of the atmospherCj 
We therefore find it in the state of the bi-carbonate 



MORTARS^ STUCCOS^ AND CONCRETES. 9 

the carbonate and suhcarbonate, of lime, in which it ia 
very extensively diffused. The lime of commerce is 
obtained by the calcination of these carbonates, and the 
process consists in driving off by heat the carbonic acid 
gas which is in combination. 

The minerals which contain the carbonate of lime, 
and which are designated under the generic name of 
" limestones/* or " calcareous stones/* are of very vari- 
ous natures. They are mostly composed of carbonate 
of lime, of magnesia, of oxide of iron, of manganese, 
of silica, and of alumina, combined in variable propor- 
tions; and they are also found with a mechanical 
admixture of clay (either bituminous or not), of 
quartzose sand, and of numerous other substances. 
The name of limestone is more especially applied to 
such of the above mixtures as contain at least one 
half of their weight of carbonate of lime. Mineral- 
ogists distinguish the subdivisions by the names of the 
" argillaceous, magnesian, sandy, ferruginous, bitu- 
minous, fetid,** &c. These subdivisions, again, are 
often characterized by varieties of form and contex- 
ture, which are known specifically under the names of 
'lamellar, sacchroid, granular, compact, oolitic, chalky, 
pulverulent, pseudomorphic, concreted,** &c., &c. 

This nomenclature is important; for every descrip- 
tion of limestone yields a lime of different quality, dis- 
tinct in colour and weight, in its avidity for water, and 
especially in the degree of hardness it is capable of 
assuming when made into mortar. But the physical 
and mechanical nature of a stone are far from being 
certain guides as to the quality of the lime it can yield. 
A chemical analysis of a hand sample also frequently 
gives different results from those obtained in practice. 
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Experience alone should be the final guide of tht 
engineer or of the builder. 

The carbonate of lime occurs in nearly all the geolo- 
gical formations, but it is scarce in the primary ones. 
In the transition rocks it is more abundant; and it 
constitutes the great mass of the secondary and tertiary 
formations. It is worked largely, either for the pur- 
pose of obtaining building stones, or for burning for 
lime. The calcareous rocks of the primary formations, 
and of the early transition series, furnish the greater 
number of stones which are worked under the name of 
marbles. The secondary and tertiary calcareous rocks 
contain the mixtures of clay and other ingredients 
which render them the most adapted to furnish limes. 

After a calcination sufficient to disengage the car- 
bonic acid gas, the limestone will be found to have 
diminished considerably in weight, and the resulting 
material possesses the property of absorbing water, 
either with or without a disengagement of heat. It 
cracks and falls to pieces whilst thus combining with 
the water, or slacking, as the workmen call the process 
of passing into the state of a hydrate of lime. 

The principal characteristics of the hydrate of lime 
are that it is white and pulverulent ; much less caustic 
than quick lime. It parts easily with the first portions 
of its water of combination if exposed to fire, or even 
to mere friction ; but it requires a very high degree of 
heat to cause it to part with the whole of the water. 
There is still a great degree of uncertainty as to the 
chemical action of the hydrates. Generally speaking, 
they are considered not to absorb oxygen ; but Treus- 
sart supposes that they do so, and that they undergo 
important modifications in consequence, The quantity 



MORTARS^ STUCCOSj AND CEMENTS. 11 

of water that limes solidify in passing to the state of 
hydrates, is also a question upon which much doubt 
exists amongst chemists. Berzelius supposed that the 
hydrates were formed of water and the metallic oxides, 
in such proportions as that the quantity of oxygen 
contained in the water should be equal to the oxygen 
contained in the oxide. Thus, the hydrate of lime 
absorbs carbonic acid gas from the air, or even (wiiih 
the best limes) from water, if immersed therein ; and 
after a period, varying with the nature of the limestones 
from which it is prepared, it solidifies with an imper- 
fect crystallization. Whilst passing into this state, 100 
parts of pure lime, which contain 28*16 parts of oxygen, 
Berzelius supposes to combine with 32*1 parts of water 
which contain also 28*3 of oxygen. Th^nard, however^ 
does not admit this law to hold in all cases ; and cer- 
tainly some of Treussart^s experiments would induce 
us to hesitate before we admit it. The hydrates, under 
the action of the voltaic pile, assume the same action 
as the oxides. Bodies capable of decomposing water, 
always acts upon them, even upon such as heat 
does not affect; adds also decompose the hydrates 
when these are produced from the oxides of mineral 
bases. 

If, for the purposes of classification, we observe 
the phenomena which attend the slacking and harden- 
ing, or, to use the workman's phrase, the setting of 
lime, we find that they may be ranged in the following 
order. The lime in these experiments is supposed to 
be perfectly fresh, and is to be immersed in a small 
basket, in perfectly pure water, for the space of five 
or six seconds only. It is then to be allowed to dry, 
01 at least the loose uncombined water is allowed to 
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run off; and the contents of the basket are then emptied 
into a stone or iron mortar. 

1. The lime hisses, crackles, swells, gives off « large 
quantity of very hot vapour, and falls into powder 
instantly: or, 

2. The lime remains inert for a period of variable 
duration, but which does not exceed five or six 
minutes ; after which the phenomena above described 
declare themselves energetically : or, 

3. The lime, again, remains inert for five or six 
minutes, or the period of its inactivity may extend to 
a quarter of an hour. It then begins to give off vapour 
and to crack, without decrepitating to any great extent. 
The steam formed is less abundant, and the evolution 
of heat is less than in the two former cases : or, 

4. The phenomena only commence an hour after 
the immersion of the lime, and sometimes even after 
a lapse of time still more considerable. The lime 
cracks, without decrepitation, it gives off little steam 
or heat : or, 

5. The phenomena commence at epochs which are 
very variable, and in fact hardly perceptible ; the heat 
given off is only distinguishable by the touch ; the lime 
does not fall easily into powder, and at times it does 
not do so at all. 

Before the effervescence has entirely disappeared, 
the slacking of the lime should be completed. As 
Boon as the cracking and falling to pieces begin, water 
should be poured into the vase, not upon the lime, but 
by the side, so that it may flow freely to the bottom, 
from whence it would be absorbed by the portions of 
the lime in a sufficiently advanced state of chemical 
Action to require it. The compost should ba frequently 
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stirred^ and sufficient water should be added^ taking 
care not to flood the lime^ but merely to bring it to the 
consistence of a thick pastCt 

Thus prepared, the lime should be left to itself until 
all the inert particles have had time to complete their 
action. The end of this is announced by the cooling 
of the mass, and it may last from two to three hours, 
or sometimes even more. 

The limes should then be beaten up again, and water 
added, if necessary, until a paste be obtained as firm as 
possible, but at the same time preserving a certain 
degree of ductility. Its consistence should be equal to 
that of clay ready to be worked into pottery. A vase 
should then be taken and well filled with this paste ; it 
should be marked and immersed in water, taking note 
of the day and hour of the immersion. 

Careful observations made upon the limes thus 
treated show that they may be divided into the five 
following classes, characterized by the phenomena 
before described: namely, 1, the rich limes; 2, the 
poor limes ; 3, the limes middlingly hydraulic ; 4, the 
hydraulic limes; and, 5, the eminently hydraulic 
limes. 

Smeaton and the bulk of the English engineers use 
the term water lime instead of hydraulic ; but it appeared 
to me advisable, for the sake of uniformity of nomen- 
clature, to preserve the one adopted throughout the 
Continent. It is, then, to be understood that wherever 
the term hydraulic lime occurs, it signifies the same as 
that of water lime, and means one which possesses the 
property of setting under water. 

1. The Tfch I VimQs are the purest metallic oxides of 
calcium we jiossess, and the purer the carbonate of 

G 
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lime from which they are obtained^ the more distinctly 
marked are the appearances from which they derive 
their name. These are^ that they augment in volume 
to twice their original bulk^ or even more than that, 
when slacked in the usual manner. If employed by 
themselves without any admixture of foreign sub- 
stances, their consistency, even after many years of im- 
mersion, is the same as on the first day. If exposed to 
pure water frequently renewed, the very last particle 
would be taken up in solution by the water. 

2. The poor limes are those which either do not aug- 
ment in bulk at all, or only do so to a very trifling 
extent, when slacked. They do not harden under 
water more than the rich limes, and are acted upon by 
that agent in the same manner, excepting that they 
leave a small residuum without consistence. 

3. The middlingly hydraulic limes set under water 
after from fifteen to twenty days' immersion, and con- 
tinue to harden for some time afterwards ; but the pro- 
gress of their hardening diminishes after the sixth or 
eighth month ; after a year their consistence is equal to 
that of dry soap. They dissolve, but with difficulty, in 
frequently renewed pure water. The change of bulk 
they undergo in slacking is the same as that of the 
poor limes, but never equal to that of the richer va- 
rieties. 

4. The hydraulic limes set after from six to eight 
days' immersion, and continue to harden ; the progress 
of this solidification may extend to twelve months, 
although the greater part of it is completed by the end 
of the first six. At this last epoch the lime is already 
of the consistence of the softer building stones, and the 
Walter in which it is immersed is no longer able to dis- 
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feolve it, even when renewed. Its change in bulk in 
slacking is about the same as that of the poor limes. 

5. The eminently hydraulic limes set within the third 
or fourth day of their immersion. After a month they 
are already quite hard, and capable of resisting the 
dissolvent action of running water. At the end of six 
months they are capable of being worked like the harder 
natural limestones, and present a fracture closely re- 
sembling that of the latter. Their change in bulk is 
invariably as small as that of the poor limes. 

It is to be observed that all the qualities of lime, 
whether rich, poor, or hydraulic in any degree, assume 
indifferently every kind of colour. They may be either 
white, grey, yellow, buff, or red, without any corre- 
sponding change in their quality, as far at least as our 
present knowledge of the art of lime-burning will allow 
us to assert with any degree of certainty. We shall 
have occasion to revert to this question of the colour of 
limes when we treat of their calcination in a subsequent 
chapter. 



CHAPTER III- 

ON THE CHEMICAL NATURE AND GEOLOGICAL POSITION 
OF THE STONES WHICH FURNISH THE DIFFERENT 
SORTS OF LIME. 

A CHEMICAL examination of the stones which furnish 
the different limes of the preceding classification, shows 
that the pure calcareous rocks, or such as contain only 
from 1 to 6 per cent, of silex, alumina, magnesia, iron, 
&c., either separately or in combination, give rich limes 
upon being burnt. 
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2. The limestones containing insoluble silica in the 
state of sand^ magnesia^ the oxides of iron and of man- 
ganese^ in various respective proportions, but limited 
to between 15 to 30 per cent, of the whole mass, yield 
poor limes. 

3. The limestones containing silica in combination 
with alumina (common clay), magnesia, and traces of 
the oxides of iron and of manganese, in various respec- 
tive proportions, but within the limits of from 8 or 12 
per cent, of the whole mass, yield moderately hydraulic 
limes. 

4. When the above ingredients are present in the 
proportion of from 15 to 18 per cent., but the silica in 
its soluble form always predominating, the limestones 
yield an hydraulic lime. 

5. When the limestones contain more than 20 and 
up to 30 per cent, of the above ingredients, but with 
the soluble silica in the proportion of at least one-half 
of them, the limestones yield eminently hydraulic 
limes. 

The experiments upon which the above conclusions 
are based appear to show that limes owe their hydrau- 
licity, or power of setting under water, to the presence 
of a certain quantity of clay, and sometimes, but rarely, 
to that of a certain quantity of pure soluble silica. It 
is supposed that during the calcination silicates of lime 
and alumina are formed, with an excess of lime ; these 
in slacking absorb a quantity of water, and solidify in 
combining therewith ; and the double salt being inso- 
luble in water, the compound remains therein without 
decomposing, or at least it only yields the small pro- 
portion of lime which might have existed in excess in 
their combination. 
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in the actual state of our chemical knowledge it is 
impossible to say whether there exist any definite 
proportions either of silica alone, of silica and alumina, 
of silica or magnesia, &c., which are capable, when 
mixed with the same quantity of pure lime, of produc- 
ing hydraulic limes of similar qualities. Indeed, the 
whole of this branch of chemistry, notwithstanding the 
important discoveries made in it of late years, is still 
very little understood. The action of the oxide of iron, 
for instance, quite escapes the attempts made to include 
it within any law. Berthier found that a mixture of 4 
parts of chalk with 1 of ochre, containing 0*07 parts of 
oxide of iron, gave a very bad lime, one incapable of 
hardening under water. Yet we know that the Sheppy 
stone contains 0*086 of the same oxide, and the Bou- 
logne cement stone contains as much as 0*15 ; both of 
these, as it is generally known, do set under water, not 
only with rapidity, but with a great degree of hardness. 
Treussart burnt a mixture of chalk and iron filings from 
a blacksmith^s shop, of chalk with the black and the 
brown oxides of iron, at diflFerent degrees of calcination, 
of chalk and steel filings, but he only obtained rich 
limes without any degree of hydraulicity. Smeaton, 
however, had previously obtained difierent results, for 
he states that minion, a calcined iron ore, obtained 
from the outside of the nodules of the stone after the 
first roasting, communicated in a very great degree the 
power of setting under water to rich limes. He adds, 
in a note worthy of particular attention, that the 
" minion is supposed by Mr. Mitchell to be what falls 
from the outside of the iron stone, and therefore con- 
taining more clay.^^ 

The action of the magnesia seems also involved i|i 
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the same obscurity. M. Parandier tried some experi- 
ments in which he mixed chalk with pure magnesia, but 
he only obtained very feebly hydraulic limes. Dumas 
states positively, that if more than 10 per cent, of 
magnesia be present, the limes begin to become poor ; 
and that with 25 per cent, they become decidedly poor. 
Berthier, however, gives an analysis of the lime ob- 
tained from a mixture of the stone of Villefranche, near 
Paris, with dissolved silica, in the proportion of 5 of the 
stone to 1 of the silica, in which mixture the lime appears 
in the form of a carbonate, to the amount of 0*609 
The carbonate of magnesium . 0*301 

„ of iron . . . 0-030 
„ of manganese . . 0*060 

Total 1-000 

The lime thus obtained became much harder under 
water than any even of the natural hydraulic limes. 
Again, when the magnesian limestones, found nearer 
Paris, are mixed with one-fifth of their bulk of soluble 
siliceous matter, they yield a lime still more energetic 
in its hydraulic properties than that above described, 
although the carbonate of magnesia is present in the 
proportion of 23 per cent. 

Vicat, in an article inserted in "Les Annales des 
Ponts et Chaussees,^^ upon the magnesian limestones, 
endeavoured to resume our knowledge of the subject ; 
but his conclusions are far from satisfactory, and there 
still remains a doubt upon the action of the magnesia, 
which it were much to be desired that modem chemists 
should remove. He says, that " without clay, that is 
to say, without silica, limes cannot be decidedly hy- 
draulic. The different combinations I have tried, by 
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mixing pure chalk and magnesia^ have only produced 
limes susceptible of setting in the commencement^ 
without any ulterior progress; but this solidification^ 
imperfect though it be^ denotes in the magnesia certain 
hydraulic properties which the alumina itself does not 
possess. If, then, some portions of clay be present, it 
might happen that a triple hydrate, of lime, of alumina, 
and of magnesia, might be formed, which should pos- 
sess all the conditions of hardness and of progression 
which characterize the best hydraulic limes.*' 

He further states that two species of limestones 
which were found to contain respectively, before burn 
ing, as follows— viz.. 

Clay . . . 4-00'] 
Carbonate of lime 42*50 > and 
„ of magnesia 53*50 J 

yielded limes possessing the hydraulic character in an 
eminent degree. Parandier states that a stone com- 
posed of 58 parts of carbonate of lime, 11 of clay, and 
31 of carbonate of magnesia, yields a very excellent 
hydraulic lime. 

One law is, however, certain ; namely, that no lime- 
stones are able to produce, in a commercially valuable 
form, hydraulic limes, unless silica be present in com- 
bination with alumina. All experiments, both analy- 
tical and synthetical, show that in the proportions cited 
in the beginning of this chapter, the silicate of alumina 
is capable of communicating the different qualities 
therein mentioned. It may, therefore, be regarded, 
practically, as the most efficient agent in producing the 
power of setting under water ; and as being the one 
whose presence should be most sought for, and sup- 
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plied^ if wanting; whenever it is desired to obtain limes 
of that description. 

Owing to the inconceivable negligence of the en- 
gineering profession in our country, we have no statis- 
tical account of the various hydraulic limes produced 
in England. It may, therefore, be interesting if we 
were to state the laws which appear to regulate the 
geological distribution of the rocks which supply them. 
The knowledge of these laws may prevent many use- 
less researches, and save, perhaps, some injudicious 
outlay of capital. 

It is known, to quote nearly the words of M. Paran- 
dier, that every strati6ed geological formation compre- 
hends a series of beds, whose deposition corresponds 
with the various periods of existence of the marine 
basin in which they were formed, which marine basin 
must have had its hydrographical limits, its affluents, 
&c. In the first periods, immediately after the cata- 
clysms and the great erosions (which, in disturbing the 
status quo of the preceding geological epoch, had given 
rise to the new order of things), the sedimentary de- 
posits must principally have owed their origin to the 
matters held in suspension in the liquid. They must 
have taken the form, for the most part, and throughout 
the whole extent of the basin, of agglomerated rocks, 
sandstones, clays, &c., except in the isolated points of 
the affluents, in the great depressions of the bottom, 
and in the very deep waters, where the materials 
brought down by the currents could not arrive, and 
where the beds took a degree of compactness different 
from that which is to be found on the borders of the 
basin. By degrees the matters held in chemical sus- 
pension in the waters, and which were in the beginning 
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mingled with those in mechanical suspension thus 
brought down, began to deposit, in greater relative pro- 
portions, as soon as the geological condition of the 
basin had resumed a normal state. At times recur^ 
rences of the great agitations of the strata were repro- 
duced in the same geological epoch, but always during 
a shorter period, and with less intensity, the same 
phenomena. 

Thus, in the lower divisions of the secondary strata, 
we find the marls, the siliceous sands, and clays, the 
calcareous marls, the ferruginous strata ; then the lime- 
stones with all the different varieties of texture and 
composition ; and, lastly, we find the magnesian lime- 
stones. The contact of certain formations either con- 
temporaneous with, or posterior to, the formation of 
the different strata, often modifies these last. The pre- 
sence of certain ingredients, and the secular action of 
the exterior agents, also often produce very remarkable 
modifications or alterations, and even some molecular 
transformations, which are very curious, changing even 
the chemical and physical properties of the rocks. But 
these phenomena have their particular laws, and their 
definite epochs of appearance: and we can calculate 
with a tolerable degree of certainty upon the extent of 
their action. 

It is easily to be conceived, from what is stated 
above, that we should be able to predicate within cer- 
tain limits the points at which the rocks are likely to 
contain the elements the most favourable to the attain- 
ment of the object in view in such researches as the 
one before us. The materials likely to furnish us the 
sands and clays fit to be converted into artificial puzzo- 
lanos, are generally to be met with at the bottom of the 
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sedimentary formations. The limestones likely to yield 
hydraulic limes occur amongst the marly or argillaceous 
beds ; or at the points where these last pass into the 
purer calcareous rocks^ and which are marked by the 
intercallation of strata of limestone and clays. The 
upper members of all the series may be regarded as 
being too free from argillaceous matter to furnish any* 
thing but rich limes. 

Amongst the secondary formations we find, for in- 
stance, that the lower chalk marl passes into the clays 
of the gait, or the upper green sand ; and that it yields 
a lime which is often eminently hydraulic. In the 
green sand there are few solid calcareous rocks 5 there 
are few also in the lower members of the cretaceous 
formations below the green sand. Hydraulic limes are 
to be obtained from the beds of limestone intercallated 
between the marls of the Kimmeridge clay ; in the Ox- 
ford clay at the passage between the upper and lower 
calcareous groups of this division of the sedimentary 
rocks ; and in the Liassic series. (See Appendix A; 
page 121.) 

A very important practical observation is to be made 
respecting the results of the calcination of the diflFerent 
limestones. It is, that those which are obtained from 
the stones containing much silica in the composition of 
the clay, swell in setting, and are likely to dislocate the 
masonry executed with them. Those, on the contrary, 
in which the alumina is in excess, are likely to shrink 
and to crack. The magnesian limestones, or dolomites, 
appear to be the least exposed to these inconveniences, 
and to retain without alteration their original bulk. 
The limes obtained from the Oxford clay generally 
swell ; those from the chalk marl contract. 

Another observation is, that the limestones whicb 
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contain many fossils^ are also exposed to the serious 
inconvenience of producing a lime exposed to the risk 
of slacking at various and uncertain periods. Whether 
it arise from the fact that the decomposition of the ani- 
mal matter had previously affected the nature of the 
limestone in contact with it^ or from that of the differ- 
ent action of the calcination upon the shells^ we mostly 
find that the fossiliferous limestones contain black 
spots which do not slack at the same time as the rest 
of the lime, or which retain their avidity for water to a 
later period; and in either case they swell, and disin- 
tegrate the mass around them. 

It were to be desired that a series of observations 
were made upon the different limestones throughout 
England, with a view to the classification of the limes 
they produce. To aid the formation of a set of tables 
of this kind, we subjoin a list of the headings under 
which the observations should be arranged. 

Column 1. The number of the specimen. 

2. The locality whence extracted. 

3. The geological position and mineralogical 
name. 

4. The geological constitution and import- 
ance of the beds and country on which 
the observations are made. 

5. The physical characteristics of the stone. 

6. The chemical analysis. 

7. The mode of burning. 

8. The properties of the matter burnt. 

9. Observations on the slacking of the lime. 
10. Observations on the trials of its hydrau- 

licity. 
,1 11. General remarks. 



99 
99 

99 



99 
99 
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The mode of analysis recommended by Berthier to 
ascertain whether a stone be, or be not, fit to be burnt 
for the purpose of obtaining an hydraulic lime, is as 
follows : — 

" Tlie stone should be powdered, and passed through 
a silk sieve ; ten grammes of this dust are to be put 
into a capsule, and by degrees diluted muriatic acid is 
to be poured upon it, stirring it up continually with 
a glass or wooden rod ; when the effervescence ceases, 
no more acid is to be added. The dissolution is then 
to be evaporated by a gentle heat until it is reduced 
to the state of a paste; it is then to be mixed with 
half a litre of water, and filtered ; the clay will remain 
upon the filter. This substance is to be dried and 
weighed; the desiccation being made as perfect as 
possible. Lime water is then to be added to the 
remaining solution as long as any precipitation takes 
place from it. This precipitate must be collected as 
quickly as possible upon a filter ; it is then desiccated 
and weighed. It is magnesia, often combined with 
iron and manganese.'^ For all practical purposes the 
above mode of analysis is suflBciently accurate, and is 
sufficient to indicate all the details necessary to be 
known. 



CHAPTER IV. 

ON THE CALCINATION OF LIMESTONES. 

The calcination of limestones may be effected in 
various manners ; it is only necessary to observe cer- 
tain conditions, which are very simple md 0£^sily attain- 
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jible. The carbonate of lime requires to be brought 
to a red heat, in order that the carbonic acid gas may 
be disengaged; and it must be maintained in a con- 
tinued and uninterrupted manner at that heat^ during 
several hours^ in order that all the gas may escape. 
In general, the time necessary for the complete expul- 
sion of the gas will be in proportion to the size of the 
pieces of stone operated upon ; that is to say, it will 
be longer in proportion as the stones are bigger, denser, 
and drier : the operation will be shorter with limestone 
broken into small pieces, of a lighter nature, and 
moister. So well known is this last fact, that the 
lime-burners water the stone, if they are prevented 
from using it fresh from the quarry. 

It is easy to conceive that the interior parts of large 
pieces of limestone can only receive the heat through 
an envelope of feebly conducting powers ; and, more- 
over, that the carbonic acid gas has a certain pressure 
to overcome, in this case, before it can escape. The 
influence of the water may be explained in two man- 
ners : either it acts upon the carbonate of lime by enter- 
ing into the formation of a temporary hydrate, and by 
replacing the carbonic acid for a very short space of 
time in the parts of the limestone first affected by the 
fire (for the hydrate itself, as we have already seen, 
is decomposed by heat) ; or, the water, being itself 
decomposed by the combustible employed, takes the 
form of different gases, of which the hydro-carbonate 
may be one. This, reacting upon the carbonic acid 
of the limestone, tends to convert it into an oxide 
of carbon ; and thus facilitates its separation from the 
stone. 

During the decomposition, a species of struggle 
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is going on between two molecular forces: the one^ 
which tends to make the carbonic acid take the gaseous 
form ; the other, which retains it in combination. The 
latter force, like all those of the chemical affinities, 
increases as the operation proceeds. If, then, the 
temperature be not gradually augmented, the expansive 
power of the gas will be equilibriated by its affinity for 
the lime, and there would be no reason to determine 
a solution of the equilibrium. The intensity of the 
heat must therefore be gradually augmented; and, 
from these considerations, it becomes evident that the 
said intensity cannot be superseded by the length of 
exposure to its application. 

In practice, whenever the nature of the limestone 
is such as to render its being broken into small frag- 
ments too expensive an operation, the lime-burners 
place the largest blocks in the centre, and in the posi- 
tions where they are exposed to the greatest heat. 
Generally speaking, the temperature to be produced 
in a kiln is also, from the size of the stones, much 
greater than is necessary for the molecular decompo- 
sition. It is, in fact, a question of economy, whether 
the saving of the fuel compensate for the expense of 
breaking the stones into very small pieces. 

In burning limestones, which yield either poor or 
hydraulic limes, it was formerly held that a chemical 
action is produced by means of which the clay, silex, 
magnesia, oxide of iron, &c., enter into combination 
with the lime, and by so doing facilitate the disengage- 
ment of the carbonic acid gas. They add, in fact, a new 
force to that of the heat, for as the lime has more affinity 
for them than it has for the carbonic acid, it seeks to 
quit its original state to enter into the new combinatioa 
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The presence of these ingredients in the limestone, 
therefore, facilitates calcination. But the action of the 
alumina, of the magnesia, and of the oxide of iron, 
either together or separately, seems to be confined 
within these limits. The addition of silica, even in 
very small doses, appears to determine a vitrification, 
which alters the nature of the lime very seriously. In 
all cases, therefore, where argillaceous limestones are 
used, it is necessary to exercise great care and attention 
in the regulation of the mode of calcination. 

General Treussart, in his observations upon the 
burning of lime, says, '^that all the limestones upon 
which he operated when of a blue colour became of an 
ochreous yellow if burnt in a slight degree. Upon 
augmenting the degree of heat, the colour passed suc- 
cessively to a deep yellow, to an ash-grey, and at last 
to a slate-coloured blue, when the heat was very 
intense.^^ The mode in which he accounts for this 
blue colour is, by supposing that the iron has been 
reconverted into the state of a protoxide. Similar facts 
occur in brick burning, when the clay employed con- 
tains much oxide of iron, and is of a very dark colour. 
At a certain degree of the calcination, the iron they 
contain passes to the state of a red oxide, as in the 
bricks employed in London under the name of ^^place,^^ 
or even "stock bricks ;^^ if the heat be increased they 
become yellow, or straw colour, like the "pickings'' 
and the malm paviours; then if the heat be further 
increased they become ash-grey, or blue, like the 
glazed headers of commerce. The iron, in this case, 
must have lost its oxygen to a great extent. 

General Treussart appears inclined to differ from 
Vicaf upon the question as to whether the colour of 
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a lime may be taken as an approximate indication cf 
its quality. According to the former, the best hydrau- 
lic limes, when properly burnt, are of a light straw 
colour. It is much to be desired that some such easy 
mode of distinguishing at once the degree of calcina- 
tion were ascertained, for the qualities of the lime are 
very seriously aflFected by the heat it has been ex- 
posed to. 

The importance of so determining the proper point at 
which to stop the calcination becomes more evident, 
when we consider that some of the hydraulic limes, if 
over-burnt, lose all their useful properties, and are, to 
use the workman^s phrase, killed : if under-burnt, they 
are often poor, without any hydraulic powers. The 
purer limestones, or those which yield rich limes, pre- 
sent other phenomena equally inexplicable in the 
present state of our knowledge of the science. For 
instance: if chalk be burnt in such a manner as to 
drive oflf all the carbonic acid gas it contains, it yields 
a lime whose hydrate never solidifies under water, as 
we have already seen. If the calcination be stopped 
at a point below that necessary for the expulsion of 
the gas, the lime produced does not change in bulk by 
slacking, and it will be found to set under water almost 
as rapidly as the moderately hydraulic limes. If over- 
burnt, the resulting chalk-lime reassumes the power of 
hydraulicity, which it had lost at the point at which 
the gas was entirely disengaged. No consecutive series 
of observations has yet been made upon the action of 
limes in the diflFerent states of their calcination; but 
General Treussart states that those which have been 
over- burnt swell in setting ; and some observations I 
have myself made upon the Portland cement (to be 
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noticed hereafter) rather tend to confirm that as- 
sertion. 

No invariable rule can be laid down as to the descrip- 
tion of combustible to be employed. In our own 
country, the choice is practically limited to two sorts, 
coal or coke; and the only reason we can have to 
decide our preference must be based upon motives of 
economy. In some countries, Germany, Holland, the 
French Flanders, &c., peat is used very successfully 
when the kilns are constructed for the use of thiii 
combustible. In new countries, where wood abounds, 
it is largely used for lime-burning; but the kilns are, 
in such cases, made with hearths upon which the wood 
ts burnt separately from the limestone ; for the wood 
is not well adapted to what are called running kilns. 
The same objection also applies to the use of fresh 
Coal ; it often cakes, and runs ; thus not only impeding 
the calcination, but also giving rise to great impuritieiS 
in the lime. If any use of the produce of the distilla- 
tion of the coal can be made, there is then an evident 
advantage in the employment of coke, for the gases 
which the latter gives oflf during combustion, arrive 
at once at their highest degree of temperature ; whilst, 
with those from the coal in its natural state, the com- 
bustion is continued far beyond the surfaces of contact, 
and the temperature only arrives at its maximum at 
the end of this combustion. The quantity of smoke 
that escapes from the mouth of a kiln where coal is 
burnt, may be taken as an indication and a proof of 
the combustible wasted. But, as was said before, the 
determining motive in the choice of combustible must 
be found in local considerations of economy. 

The limestone is sometimes burnt in large stacks in 

D 
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the open air^ consisting of alternate layers of stone and 
of coal^ similar^ in fact^ to the mode of burning bricks 
in clamps. The same care is required as with the latter^ 
in well coating the sides with clay^ so as to retain the 
heat as much as possible ; and the heaps require the 
same attention to secure an equality of draughty so that 
the whole mass may be burnt alike. This method can^ 
however, only be employed in the coal districts of any 
country, for the waste of combustible by the radiation 
of heat is enormous. 

The forms of kilns usually employed may be classed 
as follows: — 1. A rectangular straight prism. 2. A 
cylinder. 3. A cylinder . surmounted by a truncated 
cone. 4. A reversed straight-sided cone, or funnel. 
5. A cone of diflFerent diameters, or a form produced 
by the revolution of an ellipsoid. 

The rectangular prisms are used in some parts of 
the continent for the purpose of burning at the same 
time both lime and bricks or tiles. The limestone 
occupies the lower half; the upper part is filled with 
the bricks or the tiles placed on edge. 

The cylindrical kilns are principally used in situa- 
tions where large quantities of lime are required within 
a short space of time. They are larely constructed for 
definitive use ; they are easily built, cheap, but not of 
long duration. An archway is first made to form the 
hearth ; a round tower is then constructed upon this 
to form the kiln itself, which may be either in lime- 
stone, brick, or any material of those natures; the 
outside is rendered with clay, so as to eflfectually stop 
all the holes, and this envelope is maintained by a 
rough kind of hurdle, taking care to leave an opening 
in front of the hearth. 
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The kilns of the third form are constructed of more 
solid materials and in a more permanent manner. They 
serve omy for the purpose of lime burning, without 
admixture of bricks. The largest stones are placed in 
the bottom of the kiln ; the smaller pieces are placed 
in the straight cylindrical part at the top. These kilns 
are superior to the others before mentioned, inasmuch 
as the heat is reverberated from the sides, and cannot 
escape into the air without producing a useful eflfiect. 

These three forms of kilns are used principally for 
intermittent fires, and in cases where wood or rich flare 
coal is burnt. The two last-named forms are more 
especially employed when coke or poor coal is the 
combustible used. In the countries where peat is 
burnt, the kilns are constructed in the fifth form above 
described. 

The inside of the kilns is generally built of fire 
bricks, or of such materials as resist the action of the 
fire, set in fire clay for a thickness of from 14 to 18 
inches. The principle which should influence the choice 
of materials is, that they should be such as have the 
smallest conductive powers possible, and such as, when 
once heated, retain that state the longest. 

When the kilns are worked by intermittent heat, 
either from wood or coal, the limestone charge rests 
upon arches, constructed of the large pieces to be 
burnt, laid dry. A small fire is lighted below these 
arches, and quite at the back; this is gradually in- 
creased towards the mouth as the draught increases. 
The opening is then regulated to secure the proper 
degree of combustion, and new combustible is added 
to maintain it to that point. The air, which enters by 
the fire door, carries the flame to all the parts of the 
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arch^ and gradually brings the whole mass of the lime* 
Atone into a state of incandescence. It is to be ob- 
served^ that some stones are exposed to the incon- 
venience of cracking, and of bursting with a loud 
explosion, by the application of heat. It is dangerous 
to use them in the construction of the arches; care 
must therefore be taken only to use such as are exempt 
from this inconvenience. 

When the upper part of the kiln is of a smaller 
dimension than the lower, it often happens that the 
current of heated air, being impeded in its escape, 
returns, and drives the flame through the Are door. It 
is advisable, therefore, for this and for several other 
reasons connected with the draught of the kilns^ to 
make the upper part in such a manner as to allow of 
the openings being enlarged or contracted, as the case 
may require. In some places the lime-burners, in 
filling the charge, introduce pieces of wood, placed 
vertically, in order to facilitate the circulation of the 
air and heat. These pieces are burnt at an early stage 
of the process, and they leave spaces which act as 
chimneys. It admits, however, of question, whether 
the circulation, being so much more active in these 
parts, does not produce an unequal calcination. 

The degree of heat to be obtained varies, according 
to the density and the humidity of the limestone, from 
15 to 30 degrees of Wedgewood's pyrometer. The 
length of time necessary for the perfect calcination can 
only be ascertained by experience. It depends not 
only upon the nature of the stone, and the quality of 
the combustible, but also upon the draught of the kiln, 
the state of the atmosphere, and the direction of the 
wind. Before the operation is completed in the lowet 
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portion^ a gradual subsidence of the mass takes place ; 
the stones which form the arches cracky the interstices 
diminish; and at length the charge sinks about one- 
sixth or one-fifth of its height. A very simple and 
effectual way of ascertaining whether the calcination is 
complete, is to drive a bar into the body of the charge. 
If it meet with a considerable resistance, or strike 
against the firm hard materials, it is a proof that the 
burning is not finished. But if, on the contrary, it 
penetrate easily, and only meet with a resistance similar 
to that which it would encounter in passing through a 
mass of gravel, the calcination may be regarded as com- 
plete. Another method of ascertaining whether this is 
really effected, consists in drawing a sample of the lime, 
upon which a direct essay is made ; but this is liable to 
error, according to the position the piece may have 
occupied in the kiln. 

Running kilns, or those in which the stone and coal, 
or coke, are mixed in alternate layers, are the most 
difficult to manage with certainty, although when esta- 
blished under favourable conditions they are the most 
economical. A mere change in the direction of the 
wind, a falling in of the inner parts of the kiln, an irre- 
gularity in the size of the pieces of limestone, are any 
of them causes sufficient to retard or accelerate the 
draught (by producing irregular moveftients in the 
descent of the materials), and thus give rise to eitlier 
excessive or defective calcination. At times, a kiln 
will act perfectly for several weeks, then all of a sudden 
it will get out of order without any apparent reason, 
A mere change in the nature of the combustible will 
often produce so great a difference in the action as to 
defy all the calculations of the lime-bwrner* In f^ct 
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the use of running kilns is essentially a matter of prac- 
tice^ and as to their results, little can be predicted with 
certainty. 

The most favourable conditions to ensure a success- 
ful result from this mode of burning seem to be^ that 
the thickness of the charge of limestone do not exceed 
from 1 foot to 14 inches; that the charge do not 
pass the top of the kiln ; and that the combustible be 
well and equally distributed throughout the mass. The 
man charged with the direction of the operation, must 
carefully watch the upper part of the furnace, and open 
fresh currents of air in the places where the gases in 
combustion do not pass. These may be ascertained by 
observing whether the stones are blackened by the 
smoke escaping through the top, for that evidently can 
only take place in the direction of the escape of the 
gases. Wherever, therefore, the stones remain un- 
blackened, the kilnsman must pass a bar through them 
to open a new chimney. 

The lime, whose calcination is complete, must be 
withdrawn with precaution, because a precipitate fall 
of the upper mass might derange the coal between the 
joints, and thus some of the layers might have an excess 
of coal, whilst others would be entirely without any. 
The upper parts of the charge must be well arranged 
after each withdrawal from the lower, the large unburnt 
pieces being thrown towards the centre, and proper 
currents of air formed through them. Generally speak« 
ing, the lime is extracted every morning and evening ; 
on Sundays and holidays, precautions must be taken 
to render the action of the fire less rapid. It is usual 
to light the fire in this description of kiln as soon as 
the third course of limestone and combustible is filled 
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in, in order to avoid the serious inconvenience of being 
obliged to empty the kiln, should the mass not get well 
into combustion. 

Limes burnt in kilns adapted to periodical calcina- 
tion have an advantage over those obtained from run- 
ning kilns, inasmuch as they preserve better in the 
open air. This appears to arise from the fact of their 
cooling more gradually; indeed, it is preferable with 
the former kind to shut the fire door, and only to allow 
the heat to escape from the top of the kiln ; this gene- 
rally takes from six to eight hours after the complete 
extinction of the fire. 

The combustion is carried on in the three first de- 
scription of kilns on an average for three days and 
three nights; but of course the duration must vary 
according to the circumstances of each particular case. 
They usually require about 60 cubic feet of oak tim- 
ber; 117 cubic feet of fir; about the same quantity of 
peat of the best quality ; and 9 cubic feet of coal ; to 
produce about 35 cubic feet of lime. The running 
kilns do not consume on the average more than 7 cubic 
feet of coal for the same quantity. 

The calcination of limes is, however, a subject still 
very little understood, and it is impossible, therefore, 
to enunciate any principles of universal applicability. 
There are so many disturbing causes in operation ; the 
diflficulty of observation in all cases where large masses 
are in a state of simultaneous incandescence is so 
great ; that it will be long before we shall be able to 
ascertain the chemical and electrical phenomena which 
take place during these operations, with suflficient cer- 
tainty to enable us to derive any practical benefit from 
them. At present our best guide is experience, and a 
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kilnsman who has watched the action of his own kiln 
for years, knows more upon the subject than the Jirst 
theoretician in the world. There is one opinion, how- 
ever, received among workmen which it may be advis- 
able to contradict at once, notwithstanding its anti* 
quity and the sanction it has received from Bernard de 
Palissy ; namely, that if a calcination be interrupted, it 
can never be resumed. Messrs. Petot and Hassenfraa 
have both practically demonstrated that such is not the 
case. But Vicat and Minard appear to be of opinion 
tha: the limes thus obtained by a re-calcination, as well 
as the rich limes when under-burnt, exist in a state 
which possesses very peculiar properties, the laws of 
which are entirely unknown to us in the present state 
of the science. 

Attempts have been made to employ the waste heat 
which escapes from the top of the running kilns, for 
the purpose of burning bricks or tiles, in a somewhat 
similar manner to that employed in the first description 
of kiln. The success of these attempts is, however, 
very doubtful ; for if the bricks rest immediately upon 
the limestone they are liable to be distorted when this 
falls by the process of calcination, and it is an error to 
suppose that these articles require a less degree of heat 
than the lime itself. The only valuable or economical 
application of the heat, therefore, seems to consist in 
the drying the bricks, &c., gradually, before exposing 
them to a separate and distinct calcination. 

In some countries the ashes which fall through the 
grates of the kilns are carefully collected and used as a 
water or hydraulic cement. They are found to be 
mixed with minute portions of lime which have faUen 
through the arches^ and it is doubtlessly to their pre- 
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Bcnce that we may attribute much of their useful ac- 
tion. Such cinders are usually sold at half the price of 
the lime. At Utrecht, and in Holland generally, oyster- 
shells are burnt in large quantities for the purpose of 
obtaining lime ; but as the carbonate of lime they con- 
tain exists in a great state of purity, the lime is too 
rich to be employed without the admixture of trass or 
puzzolano. 

Limestone generally loses by calcination 0*45 of its 
weight from the evaporation of the water and the dis- 
engagement of the carbonic acid gas. Its diminution 
in bulk is far from being as remarkable; and, more- 
over, the diminution varies with the nature of the 
stone, and the degree of subdivision in which it exists 
before and after calcination. It may be estimated as 
ranging between O'l and 0*2 of the original bulk. The 
difference in weight between the carbonate and the 
lime obtained from it, is also very uncertain ; but the 
loss may be taken at about from 15 to 17 per cent, of 
the weight of the stone. 

The general rules upon which limekilns should be 
constructed are as follows : — Firstly, the lining of the 
inside should be of fire bricks, because these materials 
resist the action of the fire better than any others; 
they preserve their form at high temperatures, and con- 
duct the heat with greater difficulty. Secondly, the 
total height of the interior opening must be such that 
the degree of heat existing at the top be that absolutely 
required to calcine the stone placed there, in the cases 
where the calcination is periodical. This is found, 
generally speaking, to be attained when the height is 
to the largest diameter in the proportion of 2 to 1, 
Thirdly, when the calcination takes place in running 
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kilns, this proportion may be beneficially increased 
until it arrives even at 5 to 1 ; the usual proportions 
vary between 3 and 4 to !• Fourthly, in kilns in 
which the calcination is intermittent, the upper opening 
should be about one-third of the greatest diameter; 
the opening for the fire about one-fourth of the same 
dimension both in height and in width. In running 
kilns, the upper orifice should be five times the diameter 
of the lower one when these kilns are in the form of 
reversed cones; the dimension of the lower orifice is 
usually about 1 ft. 8 in. Fifthly, the thickness of the 
external walls is not invariable, the only rule to be ob- 
served is to make them as thick as possible, in ordei 
to retain the greatest quantity of heat. No mistaken 
motives of economy should be allowed to interfere in this 
case, for the saving obtained in the cost of the masonry 
would be very soon absorbed by the waste of fuel. As 
was said before, the fire-brick lining should be made 
from 14 to 18 inches in thickness. 

It would appear from some remarkable facts observed 
during the execution of the later works of the Cher- 
bourg Breakwater, and from experimepts made by 
Messrs. Signorile and Vicat, that the nature of the 
fuel has at times a serious influence upon the quality 
of the lime exposed to its effiects. If the fuel should 
contain much sulphur, it is possible that the sulphuric 
acid gas given ofi* during its combustion may enter into 
combination with the lime, producing a mixture of sul- 
phate of lime with the purer material. Now the sul- 
phate of lime sets much more rapidly than, and with a 
diflferent crystallization from that of, the carbonate of the 
same base ; and it results from this that there is a confu- 
sion in the arrangement of the molecules of the mixed 
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mass which does not allow of its assuming the same de- 
gree of hardness a more homogeneous material would do. 
Moreover, the sulphate of lime decomposes both in the 
open air and in sea water very rapidly, and if present 
in any considerable quantities it will infallibly cause 
the disintegration of any masonry into the execution of 
which it enters. Of course, the slower the process of 
calcination the greater will be the danger from the pre- 
sence of any sulphur in the combustible; and it is for 
this reason that it is essential to the process of manu- 
facturing Portland cement that the coke employed 
should have been carefully prepared. 



CHAPTER V. 

ON THE ARTIFICIAL HYDRAULIC LIMES. 

Although the limestones which furnish hydraulic 
limes naturally are very plentifully distributed, circum- 
stances may occur to render their employment too ex- 
pensive. In such cases their want is supplied, at least 
upon the continent, by the use either of trass or of 
puzzolano (either natural or artificial), which are mixed 
with the rich limes, or by the use of artificial hydraulic 
limes. Vicat, the inventor of the system of making the 
latter employed near Paris, naturally recommends their 
use. General Treussart, with the jealousy which so 
strangely marks the two divisions of the engineering 
profession in France, the military and the civil, appa- 
rently for no other reason than because Vicat had so 
recommended the artificial hydraulics, gives the pre- 
ference to the mixture of the trass, &c., with the rich 
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limes. Experience has settled this question^ however, 
in favour of Vicat's opinion ; and unless the tralss and 
puzzolanos are found in the most extraordinarily fa- 
vourable conditions of economy, they are never used in 
the present day by engineers who have at all studied 
this branch of their profession. 

Indeed, it must be evident that the chemical action 
produced upon the lime by the mechanical mixture of 
puzzolanos, can never be so perfect in its results as 
that which is called into activity during the process of 
calcination. Even if we leave out of account the effect 
of the heat in producing a more perfect chemical com- 
bination between the bases, there is always a danger 
attending the use of the subsequent mechanical mix- 
tures. Either from carelessness, want of skill, or even 
in spite of the best intentions, it often happens that the 
combination is not perfect, and that the limes and puz« 
zolanos are so mingled that there is excess of lime in 
one place, of puzzolano in another. Very serious 
failures have occurred from the use of these mixed 
materials in sea works, as we shall have occasion to 
notice hereafter. In the meantime, the experience of 
the best continental engineers has led them to prefer 
the use of the artificial hydraulic limes wherever natural 
ones are not to be met with. 

There are two methods of preparing the artificial hy- 
draulic limes. The first, which is the more perfect, 
but at the same time the more expensive, consists in 
mixing the slacked rich lime with a certain proportion 
of clay, and burning this compound. The lime in this 
case goes through a double calcination. 

The second method consists in mixing, instead of the 
slacked lime, soft calcareous matters with the cUy«| 



MOHTAftS^ StUCCOS^ AND CONCRETES. 41 

such as chalk, or the tuffas of some of the other forma* 
tions, and in reducing the whole to a paste by grinding 
them together in a mill. Being in both cases masters 
of the proportions of the diflFerent ingredients, it is easy 
to communicate the hydraulic properties in any degree 
of energy the works they are intended for may require. 

Generally speaking twenty parts of dry clay are 
mixed with eighty parts of very pure rich lime, or with 
one hundred and forty parts of carbonate of lime ; but 
if the lime or the carbonate contain already any clay in 
their composition, a smaller proportion would be neces- 
sary. It is impossible to say beforehand what the pre- 
cise proportions should be, because the limestones and 
the clays of every locality diflFer in their nature. Of 
the latter, the finest and softest to the touch are the 
most preferable. 

At Meudon, near Paris, some extensive lime works 
were erected under the directions of Vicat, by MM. 
Brian and St. Leger, for the manufacture of articial hy- 
draulic limes from the chalk and clays of that country. 
The chalk was divided into pieces of the size of a fist 
previously to being ground. A large vertical mill, with 
two horses, crushed and mixed together, with a plen- 
tiful supply of water, the materials, which were intro- 
duced in the proportion of four of the chalk to one of 
the clay. The liquid mixture was run off into a series 
of five troughs placed at successive difierences of level, 
and deposited in them the matter it held in suspension. 
A double set of these troughs was necessary, in order 
that one might be worked whilst the liquid was depos- 
ing in the other, and it was found that the shallower 
the troughs were in proportion to their surface, the 
more rapidly did the deposition take place. 



42 ON LIMESj CALCAREOUS CEMENTS^ 

As soon as the deposed matter became of sufficicne 
consistence to support manipulation^ it was made into 
small prisms with a mould. The prisms were then 
placed on a drying platform, and allowed to dry until 
they arrived at the state of freshly quarried limestone. 
They were then put into a kiln, and burnt by any of 
the modes we have already mentioned. 

In England a somewhat similar process is followed 
in the manufacture of the Portland Cement, as it is 
very absurdly called. This is, in fact, nothing but an 
artificial hydraulic lime composed of the diluvial clay 
of the valleys of our principal rivers, mixed in definite 
proportions with the chalk of the same geological dis- 
tricts. These materials are very finely comminuted 
under mills, and with water; they are allowed to de- 
posit, and are then desiccated and burnt. But here 
begins the difference, and the most delicate part of the 
manufacture. Instead of merely driving off the car- 
bonic acid gas, the calcination is pushed to a point 
which produces vitrification in a very considerable por- 
tion of the contents of the kiln. The lime is, in fact, 
overburnt; and it often happens that it is irregularly 
so. Great care is therefore required in grinding the 
different products of the calcination, to secure a pro- 
per equality in their times of setting : for it is to be 
observed, that all the over-burnt limes, like the natural 
cements, slack with so much difficulty when in large 
masses, as to require to be broken up, or comminuted, 
before being used. There is also attached to the Port- 
land cement the danger before alluded to of occasionally 
expanding in setting. It should, therefore, never be 
used, unless in positions where this action, which the 
manufacturers do not appear to be able to control, can- 



MORTARS, STUCCOSj AND CONCRETES. 43 

not be prejudicial to the solidity of the work. When 
carefully prepared it is invaluable for external plaster- 
ing, because it does not allow of the formation of vege- 
tation like the natural cements ; but unless great care 
has been taken in its manufacture it should not be used 
for large masses of masonry. 

There is a material sold in London under the name 
of Portland Cement, which is manufactured in the 
Midland Counties, principally in Warwickshire, and 
which requires to be used with even more caution than 
the material it is intended to represent. This artificial, 
and sometimes highly energetic, hydraulic lime is com- 
posed of ordinary blue lias lime, mixed in powder with 
definite proportions of clay, obtained from the intercal- 
lated beds of the same geological formation, and burnt 
in close retorts; the use of the retorts being to retain 
the colour. It must be evident that, inasmuch as both 
the clay and limestone strata of the blue lias diflFer in 
their mineralogical composition in a remarkable manner, 
and as the mixture of the materials obtained from their 
separate calcination takes place by a purely mechanical 
process, the probability that the resulting material will 
be of a variable quality must be increased to such a 
degree as to render it impossible to count upon its pre- 
cise eflFects. The greatest practical danger attending the 
use of this (improperly called Portland) cement is, how- 
ever, found in the fact, that the solidification does not 
take place with sufficient rapidity to allow of its being 
used under water in many cases where the real Portland 
cement would succeed, and for which that material is 
usually prescribed by our modem architects. A cement 
of equal value with, and possessing the same qualities 
as, this blue lias cement (as it ought to be called) would 
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easily be formed by the mixture of grey stone lime, in 
powder, with pounded tiles or place bricks, in the 
proportions of from 15 to 20 per cent, of the lat- 
ter, to from 80 to 85 per cent, of the lime; but, 
perhaps, the colour of this tile cement might be objec- 
tionable, inasmuch as it would be decidedly red. Both 
of these mixtures would also, it is to be observed, be 
useless in situations where they might be exposed to 
the eflfects of salt water : Portland cement, on the con- 
trary, when well made, resists admirably, in such situ- 
ations, if we may judge from so short an experience as 
eight or nine years'. 

General Treussart's experiments upon artificial hy- 
draulic limes would lead to the belief that their quality 
would be much improved if they were prepared with 
water in which the soda and potash of commerce were 
mixed. The proportions he recommends are five 
measures in volume of chalk to one of clay, for the 
paste to be burnt : the lime to be subsequently slacked 
with water in which the above ingredients had been 
dissolved in the proportions necessary to bring the so- 
lution to the degree of 5® of the acid gauge. 

The subsequent researches of M. Kuhlmann deci- 
dedly confirm General Treussart's views upon this sub- 
ject. Even so far back as May, 1841, M. Kuhlmann 
recorded the result of some experiments which induced 
him to propound the opinion, that in the cement stones 
the alkalies above mentioned, soda and potassa, served 
as carriers in the combination between the silica and 
the lime, and thus gave rise to the formation of silicates, 
which, when placed in contact with water, solidified it 
with a species of hydration similar to that of plaster. 
He cited, as a confirmation of his views, the fact, that, 
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if a rich lime were burnt in contact with a dissolution 
of the silicate of potassa, it would become hydraulic. 
Subsequently M. Kuhlmann ascertained, by direct ex- 
periment, that it was possible to obtain an hydraulic 
lime of a superior quality by the calcination of a mix- 
ture of the rich lime and the alkaline silicate (both 
being very finely powdered) in th6 proportions of from 
10 to 12 of the latter, to 100 of the former. It is 
essential that the respective materials be finely pow- 
dered and intimately mixed ; for otherwise the reaction 
would be incomplete at the first moment of application, 
and an effect subsequent to the first solidification would 
soon produce a disintegration of the mass. 

It has been ascertained that the artificial hydraulic 
limes do not attain, even under favourable circumstances, 
the same degree of hardness, the same power of resist- 
ance to compression, as the natural limes of the same 
class. Of the latter, those which are obtained from the 
closest grained and densest lime-stones, are the most 
resisting. They should, therefore, be used in preference 
to the artificial mixtures, unless very serious reasons of 
economy oppose themselves. The above objection to 
the want of hardness does not, however, appear to apply 
to some of the over-burnt limes, for the Portland ce- 
ment attains a power of resistance to rupture either by 
extension or compression which is extremely remark- 
able. (See Appendix B, page 122.) 
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CHAPTER VI. 

ON THE SLACKING OF LIMES. 

There are three methods of slacking lime, with respect 
to the relative merits of which chemists are even now 
at issue* The object to be obtained is to reduce the 
quick lime into a pasty hydrate, as unctuous as possible, 
and one which has absorbed the greatest possible quan- 
tity of water without having taken up too much, and 
thereby lost a proper consistence. As we have already 
seen that every separate variety of limestone produces a 
lime of a diflFerent chemical composition, it would in all 
probability be found that it would be dangerous to de- 
cide, before making experiments upon each of them, the 
mode of slacking which would be the most advanta- 
geous. The three methods are either by immersion or 
maceration; or, by sprinkling with small quantities of 
water; or, by allowing the lime to slack spontaneously 
by absorbing the moisture of the atmosphere. The cir- 
cumstances which render it advisable to employ either 
the one or the other of these methods, may be stated as 
follows. 

All the rich limes, as we have already seen, are ca- 
pable of being slacked by immersion ; they keep in a 
plastic state under water, and they even gain by being 
allowed to remain therein, for all the core becomes 
thus slacked. Plinius states that the Romans were so 
convinced of the truth of this, that the ancient laws 
forbade the use of lime unless it had been slacked for 
three years ; and that it was owing to this regulatioii 



MORTARS^ STUCCOS^ AND CONCRBTES. 47 

that their works were not disfigured by cracks or cre- 
vices. Alberti mentions, in the 11th chapter of the 
second book, that he discovered once, in an old trough, 
some lime which had been left there 500 years, as he 
was led to believe, by many indications around it ; and 
that this lime was as soft and as fit to be used as at 
first. 

But when the limes are hydraulic in their action, or 
when they harden rapidly, if reduced to the state of 
hydrates, it is important not to slack them before they 
are absolutely required ; moreover, it is equally import- 
ant not to mix them with too much water, for this 
always interferes more or less with the crystallization in 
setting, and gives rise to other phenomena alluded to 
hereafter. Vicat recommends that the slow-slacking 
limes (such, in fact, as are all the hydraulic ones) should 
be reduced to a powder before they are worked up into 
a paste for the making of mortar; that an imperfect 
slacking be commenced, in fact, before the lime is to be 
used. General Treussart, and all practical men, how- 
ever, agree in considering this course not only as doubt- 
ful, but even as positively injurious. There are, it is 
true, in all limes, particles which slack with more diffi- 
culty than the rest ; and if these particles be introduced 
into the mortar, as they expand in slacking, they are 
likely to disintegrate the other portions of the work into 
which they enter. It is possible that this inconve- 
nience is obviated by the imperfect slacking Vicat re- 
commends ; but it is also evident that the hydration 
and the absorption of carbonic acid gas must also 
be going on, and that the lime is losing some of the 
concretionary force it should exercise in place. Treus- 
sart asserts, and with justice, that all limes of an hy« 
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draulic character require to be used fresh from the 
kiln ; that the workman^s notion that the lime is killed 
by time is substantially correct ; and that the only pre- 
caution to be taken to ensure a perfect slacking should 
be to grind the fresh lime immediately before using it. 
Yicat^ it is true^ insists much upon the lime being 
slacked and immediately put into close casks ; but that 
is only a mode of palliating the inconvenience. It is 
singular, however, that Smeaton followed precisely the 
system Vicat recommends in transporting across the 
country the lime used for the Eddystone lighthouse. 
Hassenfraz, and many other writers upon the subject^ 
appear to agree with Vicat; but experience is certainly 
against the conclusions to which they arrive. 

The hydraulic limes, then, it may be asserted, 
require to be slackei^ ^y one or the other of the modes 
described, as either by sprinkling them with small 
quantities of water, or by spontaneous absorption whilst 
in their freshest state. Wherever it can be done eco- 
nomically, the former mode should be employed, the 
lime being previously ground. Should the position or 
the extent of the work to be executed not justify the 
expense of a mill for grinding the lime, the second may 
be employed. 

The rich limes augment in slacking about two-fifths 
in weight, and even as much as 3*52 of their original 
volume, or even more ; they absorb about one-third of 
their volume of water before passing to powder, and one- 
half before the powder becomes moist. The powder 
has already a very considerable augmentation upon the 
bulk of the lime itself, sometimes to the extent of 
double its original volume. To pass mto a paste fit for 
mortar, the powder will again absorb about li time 
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Its own bulk of water; and it is then about 3^ to 4 
times the bulk of the lime. The hydraulic limes absorb 
considerably less water, and only increase in bulk from 
1 1 to 2i times their original volume. 

There are still some unexplained phenomena in the 
action of the hydrates, which are worthy of attracting 
the attention of the scientific world. For instance : 
even though the lime be reduced to the state of a paste, 
it nevertheless retains the power of absorbing water 
during a long interval of time. And we have already 
seen that although it has so great an affinity for the 
water, yet it parts with it very easily upon the applica* 
tion of heat or friction. It is this latter faculty that 
the workmen bring into action when, as they say, they 
chafe up again a mortar which has been made for some 
time. With the hydraulic limes this practice is bad, 
and should never be aUowed; for the soUdification of 
a mortar once interrupted, it is often put a stop to for 
ever. The same inconvenience does not appear to be 
attached to the re-working of the rich limes. 

Many distinguished philosophers are disposed, in the 
actual state of our chemical knowledge, to attribute 
the various phenomena connected with the setting 
of lime to the changes it undergoes during the pro- 
cess of hydration, and to assign to the various in* 
gredients which are ordinarily found in connection 
with that base little more than a mechanical ac- 
tion. It is considered by these persons, in fact, that 
the solidification of limes only takes place by the 
absorption of the water of crystallization; and that 
although subsequently the carbonic acid gas combining 
with the hydrate of lime may greatly increase its hard- 
ness, this gas plays but an insignificant part in the 
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early part of the solidification. It would, indeed, be 
impossible to present sufficient doses of carbonic acid 
gas to the quick setting limes within the period they 
usually require for the completion of that process, at 
least under ordinary circumstances ; and the singular 
manner in which some quick setting limes and cements 
throw off the excess of water mixed with them, beyond 
that required for the purposes of hydration, appears to 
confirm these opinions. Moreover, it is questionable 
whether, according to the laws of chemical equivalents, 
any of the supposed combinations between the lime, 
the silica, or the other bases, could take place under 
the circumstances which usually attend the application 
of building materials ; and it has been observed that 
the simple immersion of chalk in a solution of alum, 
previously to calcination, communicates to it after going 
through the kiln hydraulic properties, feeble, it is true, 
and of no commercial value, but still distinctly percep- 
tible. In this case the alum will be found to have been 
volatilized in the kiln, for no trace of it is to be disco- 
vered in the caustic lime ; the effect it produces would, 
therefore, appear to be confined to the production of 
some molecular change in the lime during the calcina- 
tion which is favourable to the subsequent process of 
hydration. Possibly the different circumstances under 
which the latent caloric of the water of crystallization 
is given off by the various classes of limes, may have a 
connection with the solidification of the latter. At any 
rate it is to be observed that the limes which give off 
the greatest heat and with the greatest rapidity, after 
the process of slacking, are precisely those which harden 
under the most unsatisfactory conditions, even if they 
harden at all. Mr. Way^s unpublished researches in 
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this highly interesting, but still obscure, department of 
chemistry, have thrown great doubts upon the opinions 
usually received with respect to it. Unfortunately his 
views are not yet sufficiently developed to allow of their 
being referred to in more than a cursory manner. 

With the very moderately hydraulic limes used in 
London, no great precautions are necessary in slacking 
the lime, nor does the operation require much time. 
The usual mode of throwing water over the lime, and 
then covering the latter with sand to retain the vapour 
given off, answers sufficiently well for buildings in the 
air, and in which the common Dorking or Hailing limes 
are used. If the blue lias lime be used, however, it is 
necessary to begin the slacking about 24 hours before 
it is made into mortar, in order that the more inactive 
parts may be called into action. 

When the lime has been thus reduced to the state of 
a hydrate, it is converted into mortar, for the purposes of 
masonry, by the additions of sand. The carbonic acid 
gas of the atmosphere is slowly absorbed by the hy- 
drates, and they finally resume the crystalline form of 
the carbonate of lime, by arranging themselves around 
the bodies with which they are in contact. This pro- 
cess goes on from the outside towards the centre, and 
with a rapidity varying with the nature not only of the 
lime itself, but also with that of the sand ; for the che- 
mical nature of the latter has nearly as much influence 
upon the progress of the crystallization as its mechan- 
ical structure. It is not found that the carbonization 
of the lime ever attains the same degree as that which 
exists in the limestone ; and we may, therefore, assert 
that almost all mortars are in a constantly increasing 
state of induration, if that operation has ever com 
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menced. This same fact also renders the recalcinatioti 
of lime more easy than the original operation ; the car- 
bonic acid gas has not entered into such intimate 
union^ in the second case^ as when the mixture had 
taken place naturally. The thickness of the compara* 
tively perfectly carbonated film upon the hydraulic 
limes is^ at the end of the first year^ about -fth of an 
inch; about -J^th upon the rich limes. The further 
annual progress goes on in a decreasing ratio ; for it is 
evident that the increasing thickness of the film must 
oppose an increasing resistance to the transmission of 
the gas necessary to produce the desired eflFect. 

Some curious facts might be mentioned^ not only to 
show the influence of a large body of masonry in re- 
tarding the solidification of the mortar in the interior^ 
but also of the danger of using the rich limes in cases 
where such masses are necessary. Amongst them we 
may mention a fact cited by General Treussart, who 
had occasion to demolish^ in the year 1822^ one of the 
bastions erected by Vauban, in the citadel of Stras- 
bourg, in the year 1666. In the interior the lime, 
after these 156 years, was found to be : is soft as though 
it were the first day on which it had I een made. Dr. 
John mentions that, in demolishing a pillar, nine feet 
in diameter, in the church of St. Peter at Berlin, which 
had been erected 80 years, the mortar was found to be 
perfectly soft in the interior. In both cases the lime 
used had been prepared from pure limeutone. 

Pure water absorbs or takes up all the soluble and 
uncrystallized portions of the hydrates of lime. In 
all instances, therefore, in which it is required to build 
in water, or to expose the constructions to the action 
of that fluid, it is necp^sary to employ such limes only 
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as solidify almost instantaneously. Many cases have 
occurred in which works executed with the rich limes 
have failed, from the fact of all the mortar having been 
carried away: amongst others, the locks constructed 
for the improvement of the navigation of La Vilaine, 
which fell in from the cause above mentioned. 



CHAPTER VII. 



ON THE SANDS AND OTHER INGREDIENTS USED IN 
CONJUNCTION WITH LIME TO MAKE MORTAR. 

These ingredients are of several natures, and they ex- 
ercise very diflFerent and very important eflFects upon 
the qualities of the respective combinations into which 
they enter. They are, 1, the sands, properly so called, 
whether fluvial or pit sand ; 2, the clays, either in their 
natural or their burnt state; 3, the puzzolanos, trass, 
or other volcanic productions ; and, 4, the produce of 
artificial calcination, such as cinders, slag of furnaces, 
or scoriae. 

1. Sands are derived originally from the decomposi- 
tion of the older rocks, either by the action of running 
water, or by the spontaneous decomposition of the 
rocks themselves. They are technically distinguished 
from dust, by the fact that they sink at once to the 
bottom of water, without leaving any sensible quantity 
in suspension. The decomposition of the rocks often 
gives rise to a kind of agglutinating substance, which 
accompanies the sand, and binds it together. But this 
only takes place in the positions where the sand is 
found ^^in situ;'^ washed by the rains and the running 
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waters, it soon parts with such heterogeneous particles^ 
and it arrives in a comparatively pure state into the bed 
of the principal rivers. This purity is lost as the rivers 
approach their embouchures ; for, in the first place, the 
diminished velocity of the current causes the heavier 
particles to subside before arriving there ; the waters 
then only carry down ths light earthy particles, and the 
decaying vegetrAle matters which may fall into them, 
thufl giving rise to the formation of clay deposits. The 
constituent parts of the sand represent faithfully the 
rocks from whence they are derived ; thus the granitic 
rocks produce a sand, the principal ingredients of which 
are quartz, feldspar^ and mica ; the volcanic rocks are 
represented by sands in which lava, obsidian, &c., 
appear; the flat, soft-grained sands arise from the dis- 
integration of the schistose rocks ; the calcareous rocks, 
as might naturally be expected from their soft nature, 
are those which are the least represented in the series, 
unless in the case of the siliceous sands, arising from 
the comminution of the flints so plentiful in some of 
the secondary formations. 

The partial and secondary revolutions of the globe 
have given rise to immense formations of sand in 
places where rivers have long ceased to flow. The 
sand extracted thencefrom is known under the name of 
" pit sand,*' to distinguish it from that borne down by 
the rivers, called "river sand,** and from the "virgin 
sand,** which remains in the places where formed, with- 
out in any way suffering the action of water. Pit sand 
generally is of a sharper and more angular grain than 
river sand ; but in all other respects its composition is 
identical, excepting that it is occasionally stained by 
ochresr 
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The generally received opinion that the sand should 
be perfectly free from all earthy matters, is only true to 
a certain extent. There exists a species of sand in 
very large masses in some parts of Finance, where it 
forms even entire hills, consisting of comminuted chalk 
in irregular grains, very unequal in size, and mingled 
with a clay sometimes yellow, red, brown, or even 
white, in proportions varying from a quarter to three 
quarters of the total volume. It is known under the 
name of " arenes,^^ and is largely used in conjunction 
with rich limes for river and water works. Some of the 
decomposed grauwacke rocks also yield an argillaceous 
sand, composed of quartz, schiste, feldspar, and par- 
ticles of mica agglutinated by a species of clay, which is 
very valuable, whether used in its natural state, or cal- 
cined to make artificial puzzolanos, like the arenes. 
The granitic rocks of Devonshire, some parts of Brit- 
tany and of the extreme north-west of Spain, all of 
which are characterized by a remarkable excess of feld- 
spar, yield a sand of great value for building purposes, 
especially when the mortars composed of it are not im- 
mediately exposed to the effects of running water. In 
all probability, the potassa present in the decomposed 
and decomposing feldspar may influence the setting of 
the limes mixed with the sands thus obtained. 

2. The clays are rarely used in their natural state in 
combination with lime, unless it be to give a certain 
degree of consistence to mud walls or pise work. 
When burnt, they act somewhat in the manner of puz- 
zolanos ; and for all cases in which the mortars thus 
made are not exposed to the action of sea water, they 
appear to answer very well. The Romans were per- 
fectly aware of the practical value of this process ; for 
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many of their works, which have survived to the present 
day, especially the aqueducts, were executed with a 
mortar containing pounded bricks or tiles. 

M. Raffineau de Lille made a very important essay 
of the artificial cements obtained from pounded bricks 
in some works he executed, in fresh water, near Calais. 
There it answered as well as the ancient Romans had 
found it to have done. He called the attention of 
Vicat to the question, and that eminent engineer, after 
a laborious series of experiments, arrived at the convic- 
tion that the action of the burnt clay was in every re* 
spect analogous to that of the natural puzzolanos. 
Berthier had previously shown that the latter materials 
consisted principally of the silicate of alumina mixed 
with a very small proportion of lime and iron ; and as 
Vicat found the clays to diflFer in their composition only 
in the. fact of their being hydro-silicates of alumina 
with nearly the same foreign ingredients, he thought 
that all that was necessary to render*the clays as useful 
for hydraulic purposes as the puzzolanos, would be 
to drive off the water of combination. His experi- 
ments led him also to believe that a low degree of heat 
produced the best results, provided that it were man- 
aged in such a way as to allow the free access of the 
air to all parts of the matter in incandescence. 

General Treussart applied similar artificial puzzo- 
lanos on a large scale at Strasbourg. Other essays 
svere made at Algiers, the Fort Boyard in the He do 
Re, at Brest, and at Cherbourg. At Strasbourg no 
accident has occurred ; but in all the cases where the 
cements thus prepared were exposed to the action of 
sea-water, they appeared to set very satisfactorily at 
first — the favourable appearances lasted even for three 
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or four years^ but at the expiration of that time all these 
cements fell to powder. 

Some very important lessons are to be derived from 
these failures. Firstly, they demonstrated clearly that 
the greatest possible care must be taken to ensure a 
perfect mixture of the ingredients of these cements, for 
the molecules of the silicate of alumina cannot enter 
into combination, if they do ever combine, with the 
lime unless they be mixed with it in a state of very 
minute division. A priori^ then, we may assert that it 
is preferable to mix the clay with the carbonate, or the 
subcarbonate, before calcination. Secondly, it would 
appear that there must be a specific difference between 
the puzzolanos produced by the slow action of volcanic 
heat upon the various ingredients, and that produced 
by an artificial calcination, even should there not be a 
difference in the chemical constitution of the respective 
substances. 

Vicat studied the causes of these failures, and was 
led by them to some conclusions which may probably 
explain, not only the disintegration of the limes, but 
also the destruction of some of the building-stones, by 
sea-water. He found in the sea-water a very consider- 
able portion of hydrochloride of magnesia, and he pro- 
ceeded to experiment upon its action upon the hydrates 
and imperfect carbonates of lime. He found that in a 
simple solution of the hydrochloride, the particles 
which were already in a state of perfect carbonization 
remained intact; but that the particles which were 
simply in the state of hydrates passed into that of a 
soluble hydrochloride, and that the magnesia was intro- 
duced into the mass and disseminated throughout the 
whole tissue. It there quickly passed to the state of a 
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carbonate^ with the greater facility when any carbonic 
acid gas was present. From this Vicat was led to 
think that the imperfectly carbonated parts of the 
cements^ whose failure led to the investigation^ must 
have taken up the magnesia from the sea-water^ and 
passed to hydro-carbonates of lime and magnesia^ simi- 
lar to the dolomites^ whose formation may perhaps be 
accounted for in like manner. This would of course be 
accompanied by a mode of crystallization different 
from that of the ordinary carbonate of lime, leading, 
doubtlessly, to the disintegration of the whole mass. 

The engineer charged with the direction of the works 
at Rochefort told me that, besides taking up the mag- 
nesia, and passing to the state of a carbonate of lime 
and magnesia, the mortars at Fort Boyard contained 
crystals of sulphate of lime. Now, as the sea-water 
does contain a considerable portion of the sulphate of 
magnesia, it is possible that the lime may have ab- 
sorbed the sulphuric acid thus presented, and given 
rise to the new combination, which in its turn must 
have contributed to destroy the cohesion of the whole 
body, for the tendency of the sulphate of lime in crys- 
tallizing is known to be expansive. 

The practical lesson to be drawn from these re 
searches would be, never to employ the artificial puzzo- 
lanos, in the present state of our knowledge of this 
branch of chemistry, for any works of importance 
where water charged with salts is likely to affect them. 
It also shows how much care should be taken before 
employing new compounds in works of importance; 
for we see that in these cases no symptom of decay 
manifested itself during the first three or four years. 
Such want of precaution is the more culpable in Eng« 
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land^ where we possess natural cements of such un« 
doubted excellence, and where it would be so easy to 
procure the best hydraulic limes. 

3. The puzzolano is a volcanic substance of a pulve- 
rulent character, and a violet red colour, which was 
first employed in the fabrication of mortars by the Ro- 
mans. It was then, according to Vitruvius, found in 
the vicinity of Puzzoli, near Baia, and not far from Ve- 
suvius. Subsequently a similar material has been 
found in the Vivarais, a theatre of extinct volcanic 
action in the centre of France ; near Edinburgh ; at a 
village called Brohl, near Andernach on the Rhine, 
where it is worked under the name of trass or terrass ; 
and in almost all the localities marked either by the 
present or past action of subterranean fires. Its aspect 
varies, however, very much ; sometimes it is in a state 
of powder, at others in coarse grains ; often in the form 
of pumice, scoria, or of tufia or small rubble-stone. 
Its colour is often brown, or yellow, or grey, or black, 
even in the same locality. 

The Tripoli, and the sandstones and limestones 
altered by contact with the rocks of eruption, also fre- 
quently take the character of puzzolanos, and may be 
classed, therefore, as pseudo-volcanic products of a 
similar category. But the conditions under which 
they were exposed to the heat of the volcanic rocks, 
and under which they gradually cooled, have necessa- 
rily modified their chemical and mechanical nature. 

The puzzolanos are principally composed of silica 
and alumina, with a little lime in combination, mixed 
with potash, soda, magnesia, and oxide of iron. The 
iron appears to be in a peculiar state of magnetism ; 
for although in very feeble proportions, it is capable of 
fiffecting the needle. 
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Berthier gives the following analysis of the puzzolano 
of Civita Vecchia and of the trass of Andernach : — 
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Essays have also been made with the basaltic and 
trass rocks in the same manner as with the puzzolanos, 
and the result has been found to be the same. The 
diflSculty of breaking or pounding them, however, is a 
very serious objection to their economical employment. 
Indeed, the manner of action of these various volcanic 
productions is still so much involved in obscurity that 
it is a matter of great doubt whether the lavas are highly 
to be recommended. If the action be principally 
chemical, of course, when well ground, they are likely 
to produce the same effect as their congeners; although 
all this class of substances vary within very wide limits 
in their chemical composition. If it be merely me- 
chanical, and arise only from their porosity and the 
facility with which they absorb and combine with the 
water, their density is a very serious objection. Vicat 
is of opinion that basalt should be burnt so as to pro- 
duce a vitrification before it is employed. 

Whatever be the cause of the peculiar action of tho 
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basaltic rocks, it is evident that the eflFect produced by 
the mixture of the puzzolanos and trass is eminently 
useful in rendering the richest limes fit for every de- 
scription of works executed in either sea or fresh water. 
Smeaton used them in the Eddystone Lighthouse with 
the blue lias lime. Since then, and previously, even as 
far back as the time of Vitruvius, they had and have 
been employed in conjunction with limes obtained 
from chalk and crystalline limestone with perfect suc- 
cess. The essential difference in these cases is, that 
less is required when hydraulic limes are used, than 
when they are mixed with the rich limes. The latter 
will bear at the same time a large quantity of sand or 
gravel, the former only a very small quantity. The re- 
sults, if the proportions be well regulated, are the 
same; the determination of the sort of lime must, 
therefore, be entirely guided by motives of economy. 

4. The term "slag*^ is usually applied to the vitrified 
earths which are left in furnaces, either for glass or 
iron, after the purer products are withdrawn. "Scoriee^* 
are the lighter, more porous, and less perfectly vitrified 
earths, which arise principally from the puddling and 
refining of iron ; the term is also applied to the less 
compact portions of the slag. Cinders are the earthy 
residues from the combustion of woods, peat, coal, or 
other combustibles. 

The slags and scoriee differ very considerably in their 
chemical nature, partly from the constitution of the 
minerals from which they are obtained, partly from the 
different action of the furnaces from whence they are 
produced. They principally consist of silica, with a 
feeble proportion of alumina, lime, magnesia, and very 
large proportions of the oxides of iron and manganesea 
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Hassenfraz and Berthier give the following analysis of 
these materials — namely^ 
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On comparing these results with those obtained from 
the analysis of the puzzolano and trass^ we perceive at 
once a very remarkable diflFerence in the proportion of 
the ingredients^ as we also find that the scorieB and the 
slag differ from one another. The slag, when the fur- 
naces are well managed, contains but little iron; the 
scorisB contain so much that they are at the present 
day almost invariably worked over again in the most 
economically managed iron works, producing, it is true, 
very inferior iron. 

When ground into powder, the scoriae and slags, 
which contain a large proportion of the mineral oxides, 
make very good mortars if mixed with middlingly or 
perfectly hydraulic limes. With the former it is not 
advisable to use them in positions where the mortars 
would be exposed to the action of running water; with 
the latter they may be used to replace sand, sometimes 
with advantage. (See Appendix C, page 125.) 

Coal cinders, according to Weigleb, Dolomieu, and 
Panzerberg, contain usually 44 parts of silica, 17 of 
alumina, 5 of lime, and 84 of oxide of iron. When 
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properly mixed^ they appear to render the rich limes 
moderately hydraulic. Great care requires to be exer- 
cised in their manipulation to proportion the quantity 
of water used, for they absorb it with such avidity that, 
unless there be a large quantity present, they abstract 
it from the hydrate of lime, and render the crystalliza- 
tion of the latter imperfect. Workmen characterise 
this action by saying that the lime becomes shorty in 
fact, its coherent powers are much diminished. If, 
however, the necessary precautions be taken, coal 
cinders may be usefully employed for works out of the 
water. 

Wood cinders are often objectionable in consequence 
of the excess of alkali they contain : if this be removed 
by washing, they may occasionally be useful in the 
absence of other materials capable of communicating 
hydraulic properties. Peat ashes have never been tried 
in any scientific manner ; but there does not appear to 
be any reason why they should not be as useful as those 
of wood. 

In page 36 we already noticed the use of the clinkers 
which fall through the j5re-bars of the limekilns. Their 
hydraulic properties appear to arise from the mixture of 
the lime in a very minute state with the silicate of alu- 
mina of the cinders. In Belgium they are very largely 
and very successfully used for canal and river works 
under the name of " cendrfe de Tournay.^' 

Yicat classes the different materials named and de- 
scribed. above still further, according to the energy of 
their action upon the limes with which they are mixed. 
He calls "very energetic" any substance which, after 
being mingled with lime slacked in the usual manner, 
and brought tp t)ip ^Qnsistence of a stiff paste, produces 
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a mortar capable of setting from the first to the tliird 
day ; of acquiring after the lapse of twelve months a 
degree of hardness equal to that of a good brick; and of 
giving a dry powder if sawn with a tooth saw after that 
time. 

" Simply energetic/' any substance which will deter- 
mine the setting from the fourth to the eighth day ; and 
which is capable of acquiring after twelve months the 
consistence of a soft stone^ and of giving a damp powder 
under the tooth saw. 

*^ Slightly energetic/* when the setting only takes 
place between the tenth and the twentieth day ; the con- 
sistency of hard soap would be acquired after twelve 
months^ and the mortar would then clog the tooth saw. 

" Inert/' when the materials^ if mixed with rich 
limes, exert no influence upon their action under water. 
In all these cases the mortars are to be immersed im- 
mediately. It is, moreover, to be observed that the 
degree of hardness attained is the only invariable cha- 
racteristic, for the time of setting varies very consider- 
ably. 

Having established these difierences, Vicat ranges 
the common sands amongst the materials he classifies 
as "inert.'' The ar^nes and grauwack^ rocks yield 
materials which are but slightly energetic. The puz- 
zolanos, whether natural or artificial, are classed occa- 
sionally as being simply energetic or very energetic, as 
the case may be. Experience, however, shows that 
the artificial puzzolanos should only be ranged in the 
first class. 

These diffierent actions appear to be owing to the 
affinity of the several materials for the lime. Vicat 
found, in fact, that, if treated by acids and by lime 
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water^ they were distinguished from one another as 
follows : — the inert materials resisted the action of 
acidSj unless when calcareous sand was operated upon^ 
and were totally without influence, even upon boiling 
lime water. The slightly energetic materials yielded in 
a trifling degree to the acids, and took up a small pro^ 
portion of the lime from the lime water. The ener- 
getic, and very energetic, materials were powerfully 
affected by the acids, and took up a very notable por- 
tion of the lime in solution. 

The same author gives, as the result of forty years' 
experience, the following tables of the materials it is 
advisable to mix together to obtain the best results in 
the respective cases mentioned. He supposes that the 
architect or engineer has under hand the four descrip- 
tions of lime, and the different substances to be mixed 
with them; and that in the first case he desires to 
obtain a mortar capable of attaining a great degree of 
hardness under water, under ground, or in places where 
there is a constant humidity ; in the second case, where 
it is desired to obtain a mortar able to set rapidly in 
the open air, to resist rain, and the changes of the 
weather. He recommends, then, to mix with 
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CASE THE SECOND 




Rich limes. 


M'odcrately 
hydraulic. 


Hydraulic. 


Eminently 
hydraulic. 


No ingredient 
can attain 
the object. 


No ingredient can 
perfectly attain 
the object. 


Any description of 
sand ; ponnded 
quartz. 

Dust of pounded 
limestone and 
other inert mat- 
ters. 


Any description of 
sand ; pounded 
quartz. 

Dust of pounded 
limestone and 
other inert mat- 
ters. 



General Treussart, however, does not agree with 
Vicat in supposing that the chalk, or rather the rich 
limes, cannot be rendered capable of setting by the 
mixture of puzzolanos ; and, indeed, the experience of 
almost all builders would lead us to believe that Vicat 
has, in this case, been carried away by the love of 
theory. Gauthey, in his work upon the construction 
of bridges, however, seems rather to lean to Vicat's 
opinion ; which is confirmed, it must be added, by the 
experience of the engineers of Toulon and Marseilles. 



CHAPTER VIII. 

ON THE MAKING OF MORTARS. 

The making of mortar comprehends the slacking of 
the lime and the mixture of the ingredients worked up 
with it. As we have already seen, both the former 
process and the nature of.the latter diflFer, according to 
the nature of the lime to be dealt with. It is, however, 
a universal rule, in contradiction to the slovenly prac- 
tice of London builders, that all limes, of what nature 
soever, should be reduced to a paste before being mixed 
with the other ingredients* 
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People who have not studied the action of the hy- 
drates in a scientific and consecutive manner^ oppose 
the introduction of the previous manipulation of the 
lime on the score of the extra expense^ and on the pre- 
tence that the lime loses in strength thereby. As to 
the objection of the expense, that must of course be 
estimated by the importance of the works. The second 
objection is to be met by observing that the rich limes 
require to be for a long time exposed to the air to en- 
able them to take up the carbonic acid gas ; and that, 
therefore, so far from losing, they gain by exposure; 
and, moreover, the hydraulic limes being very difficult 
to slack, it is necessary that all their particles should be 
put in contact with the water. If the lime be not pre- 
viously reduced into the state of a perfect hydrate, it is 
always exposed to blister, and to disintegrate, in a man- 
ner depending upon the comminution of its particles 
before being employed: for it is evident that if the 
lime be ground, the more inactive particles are in a 
more favourable condition for the absorption of the 
water. 

The degree of consistence of this paste should vary 
with the nature of the extraneous materials. It should 
be stiff whenever it is intended to form a gauge for sub- 
stances whose particles are hard and palpable, and 
which are capable of preserving sensible distances from 
one another. It shoidd be more liquid when the sub- 
stances to be mixed with it are pulverulent, of impal- 
pable and fine grains, presenting an homogeneous 
appearance, and in which it is impossible to distinguish 
the separate elements, such as the puzzolanos, &c. To 
secure a proper state of the hydrate, it is of very great 
importance, however, not to use too much water in 
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slacking the lime. So much should be used, and only 
so much; as is necessary to cause the quick lime to 
fall to powder. It is also equally important not to 
mix up into the state of paste more lime than is imme- 
mediately required to be used ; for although, upon being 
reworked, the hydrates, which had began to solidify, 
give off the water they had rendered latent as it were, 
yet a portion of their force must evidently be lost by 
their doing so in proportion to the degree of advance- 
ment of the process. 

In France, whenever great care is required in the 
fabrication of the mortars, the lime is worked up into 
a paste in a mill, consisting of two vertical stones 
working in a trough. The lime, after going through 
this operation, is then mingled with the sand in a pug- 
mill, or by hand, upon a floor. If the dimensions of 
the construction should be such as to justify the ex- 
pense, it should be made a necessary condition that 
mechanical means be employed, for even with the 
greatest possible care the mixture by hand is never 
perfectly effected. 

The quantities of sand to be used vary, as might be 
expected, according to the nature of the limes, and also 
of the sand itself. Within certain limits, if the limes 
do not gain by the mixture, at least their effect is not 
sensibly diminished. Thus we find that, for the rich 
limes, the resistance is rather increased if the sand 
be in the proportions varying from 50 to 240 per 
cent, of the paste measured in bulk in the state of 
a firm paste. Beyond that point the resistance de- 
creases. 

The resistance of hydraulic limes increases, if the 
9and be mixed in the proportion of 50 to 180 per cent; 
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of the pastes from thence it decreases. The much 
greater proportion of sand the rich limes are able to 
support, may perhaps account for the partiality of 
the builders in their favour. 

If it be required to mix common lime and puzzo- 
lanos, the best proportions, according to General 
Treussart, are 1 of lime in powder to 24- of puzzolano; 
1 of lime to 2 of trass ; or 1 of lime to 1 of sand, and 1 
of puzzolano or trass. 

The best hydraulic limes, as we have seen, lose much 
of their qualities if long exposed to the air; it is there- 
fore advisable to work them only for the time absolutely 
necessary to ensure, firstly, their perfect reduction to 
the state of hydrates ; and, secondly, the intimate mix- 
ture of the lime and sand. The rich limes, however, 
as we have before said, inasmuch as they absorb the 
carbonic acid gas with difficulty, gain by being exposed 
for a longer period to the contact of the atmosphere. 
As far as such a proceeding is consistent with economy, 
it is advisable, then, to protract the operation of their 
manipulation as much as possible ; it is even advisable 
to work up large quantities of such mortar beforehand, 
rendering it fit for use by a second manipulation. 

Some of Vicat's experiments show that all limes lose 
two-fifths of their strength if mixed with too much 
water. It is then better to wet the materials to be 
used, and to employ a stiff mortar, than to follow the 
course usually adopted by masons and bricklayers of 
using very soft fluid mortar. The system of grouting 
is more than questionable in its results ; the lime sus< 
pended in it is nearly destroyed, the extra quantity of 
water is but an addition to the difficulties of setting 
opposed to the mortar already in place. 
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There are conditions of the atmospheric state which 
affect the goodness of the mortars^ about whose action 
the best authorities are not decided. For instance^ those 
made in summer are always worse than those made in 
winter. It has been supposed by some that this fact 
is accounted for by the too rapid desiccation of the 
mortar; and Vicat even asserts that they lose four- 
fifths of their strength if allowed to dry very rapidly. 
He recommends, in consequence, that the masonry be 
watered during the summer months, in all construc- 
tions of importance, to guard against this danger. 
Probably the hydrates are not in a favourable condi- 
tion to absorb the carbonic acid gas, if they be allowed 
to dry rapidly ; the presence of the water being neces- 
sary for the combination of the lime and the carbon. 

The freedom of the water from carbonic acid gas in 
solution is also a necessary condition of the successful 
use of the hydraulic limes. Their success depends, to 
a certain extent, upon the slow, gradual manner in 
which they take up that gas from the atmosphere, and 
crystallize about the nuclei offered to their action. 
Some engineers prescribe that the water should be 
deprived of such impurities by boiling, and although 
the precaution be rather exaggerated, it is certainly of 
a useful tendency. 

As the lime reduced into a paste does but fill up the 
voids of the materials it is mixed with, there is neces- 
sarily a very considerable diminution of bulk upon the 
quantities of the respective substances taken sepa- 
rately. The exact amount of this diminution varies, 
of course, Vith the limes or sand employed ; but as a 
general rule it may be taken at about three-fourths of 
tfieir collective volumes. To state this in a convenient 
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formula; if a = the bulk of the lime^ 6 = the bulk of 
the sand ; then {a-\-b) x 0*75 = the bulk of the mortar 
they will produce. 

The position in which a mortar of any description is 
to be used^ also modifies the proportions of sand which 
it is desirable to mix with it. Underground^ in the 
water, and in damp positions, less sand should be 
employed than in the open air, where it is exposed to 
the changes of the atmosphere. 

It is often a matter of importance to know the powers 
of resistance of mortars ; but, as they differ within a 
very large range, it is not easy to state them very pre- 
cisely. The best experiments, however, show that we 
may safely calculate, for all practical purposes, upon a 
resistance of 14Ks. avoirdupois per inch superficial, to 
a force acting in a direction to tear asunder by an effort 
of longitudinal traction; of 42 lbs. to a crushing force ; 
and of 5:}- lbs. per inch superficial to a force tending to 
make the particles slide upon one another. It would 
not be safe to expose new works to greater efforts than 
those which could be included within the above limits. 



CHAPTER IX. 

ON CONCRETES. 

The term " concrete'* is usually applied to a species 
of rough masonry of small materials, consisting of 
gravel or broken stone mixed with a lime, either pre- 
viously worked into a mortar or not, as the nature of 
the lime may require. It is principally used for the 
purpose of distributing the weight of a large heavy 
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construction over the greatest surface possible ; or for 
the backing of coursed masonry, in cases where walla 
are required of great thickness. Properly speaking, it 
would be better to apply the word "concrete** to this 
sort of masonry, when executed in the manner usually 
adopted in our country, by slacking the lime upon and 
in immediate contact with the gravel. When the lime 
has been previously worked into a paste, the French 
word " beton '* might be applied, for the sake of dis- 
tinguishing the two processes. 

The use of this beton, or concrete, is very ancient, 
for it is known to have been employed by the Romans ; 
and Smeaton expressly states that he derived the idea 
of using it, as a backing for river works, from an in- 
spection of the ruins of Corfe Castle, in Dorsetshire. 
In the middle ages it was very commonly used, as may 
be proved by an inspection of the ruins of feudal forti- 
fications. General Pasley was, therefore, mistaken in 
awarding the merit of the introduction of this system 
to Sir Robert Smirke. 

Of course, the quality of a concrete must depend 
upon the nature of the materials to be employed. The 
situations in which it is to be used are mostly those in 
which there is a great amount of humidity, and in which 
from the facts that, firstly, the concrete is in large 
masses ; and secondly, that it is covered up as soon as 
executed, it is necessary to employ only such materials 
as are susceptible of a rapid setting and continued pro- 
gression in their powers of resistance. In the former 
parts of this treatise, we have seen that the limes which 
unite the above conditions are the hydraulic limes, 
obtained either from the argillaceous, or the magnesio- 
argillaceous, carbonates of limes. In their absence, 
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Some ingredients of the nature of the puzzolanos^ burnt 
clay, slag, or cinders must be used. But it should 
always be borne in mind, that these mixtures are 
but very imperfect imitations of the natural produc- 
tions ; they should never be used if the hydraulic limes 
can be obtained, even at an increased price ; and, as 
was before said of the hydraulic limes, those obtained 
from the calcination of the limestone itself are prefer- 
able to those made artificially. 

In almost every work upon the art of construction, 
we meet with descriptions of modes of making concrete. 
It is, however, very discouraging to observe that, in 
spite of all that may be said, the majority of architects 
and engineers treat the subject with such utter indif- 
ference that the old imperfect systems are still retained, 
and the conduct of these works is left almost invariably 
to some rule-of-thumb workman, who only knows that 
he has been accustomed to make concrete in a certain 
manner, without knowing any one of the principles 
which regulate the action of the materials he work^ 
with. We thus find that the greater part of the con- 
crete made in and near London, where the building art 
ought to be the most advanced, is made simply by 
turning over the ground stone lime — a very moderately 
hydraulic one, by the way — amongst the gravel. It is 
then put into barrows, and shot down from a stage. 
Such a mode of proceeding is rapid and economical ; 
but it is eminently unscientific, leading, doubtlessly, to 
the waste of material we so often witness, for the prac- 
tice is to make the concrete about one-third thicker 
than would be at all necessary if the process of making 
it were more perfect. Unfortunately, in England, we 
do everything in such a desperate hurry, especially 
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since railroads have been constructed^ that we cannot 
aflford the time necessary for a perfect execution of the 
works. Failures are consequently frequent, the waste 
of materials enormous; and, of course, between the 
two, the expense is out of all proportion to what it 
ought to be. 

It cannot be too often repeated that the first condi^ 
tion necessary to obtain a good concrete, or beton, is 
that the lime be brought to the state of a perfect hy- 
drate before being mixed with the nuclsei which it is 
intended to surround. It should, therefore, be reduced 
to the state of a thick paste, and made into a mortar 
before it is mingled with the gravel. Instead of being 
thrown down from a height, and left to arrange itself 
as it best may, it should be wheeled in on a level, and 
beaten with a rammer ; for we find that, when thrown 
thus from a height, the materials separate, and the bot- 
tom parts of a thick bed of concrete are without their 
proper proportion of lime. The advantage of making 
the lime into a mortar previously is, that it fills in a 
much more perfect manner the intervals of the gravel 
or stones ; and, in fact, renders the concrete what it is 
meant to be, an imperfect species of rubble masonry. 

For water-works required to set rapidly, an excellent 
concrete may be made by a mixture of hydraulic limes, 
puzzolanos, and sand. The proportions found to yield 
the best results are given by Treussart, as follows : viz., 

30 parts of hydraulic lime, very energetic, measured 
in bulk, and before being slacked. 

30 „ of trass of Andernach. 

30 „ of sand. 

20 „ of gravel. 

40 jj of broken stone, a hard lime&iom. 
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The above proportions diminished one-fifth in volume 
after manipulation: the mortar was made first, the 
stones and gravel added thereto. When the puzzolano 
of Italy is used, the proportions, for the same descrip- 
tion of work, become (measured in bulk, as before) — 

33 parts of energetic hydraulic lime, measured before 
slacking. 

45 „ of puzzolano. 

22 „ of sand. 

60 „ of broken stone and gravel. 

The first of these concretes should be employed im- 
mediately it is made; the second requires to be ex- 
posed about twelve hours before it is put in place. 

When burnt clay or pounded bricks are used, the 
proportions should be the same as with the trass ; but, 
as we have seen before, the use of this material is not 
to be recommended in the sea water. If rich limes be 
used instead of hydraulic, the dose of the natural or 
artificial puzzolanos must be increased, and that of the 
stone and gravel diminished. 

In positions where sufficient time can be allowed for 
a concrete or beton to set, (if made simply of lime, sand, 
and gravel,) the expense of the puzzolanos should be 
avoided. A very excellent concrete for either sea or 
river works is made by a mixture of a mortar made of 
three parts of fine sand to one of hydraulic lime un- 
slacked, with equal quantities' of gravel or broken stone: 
the proportions of the last may often be augmented to 
1-g- to 1 of the mortar without inconvenience. No 
water should be mixed with the mortar and gravel dur- 
ing their manipulation ; the mortar itself, if possible, 
should be prepared in a pug-mill, and mixed with the 
gravel by being frequently turned over on a platform. 
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Every precaution should be taken to prevent the dif* 
ferent ingredients from being mingled with clay or 
other earths. 

The concrete thus made should be spread in layers 
from 10 in. to 1 ft. in thickness, and well rammed, 
until the mortar begins to flush up at the top. A 
course once commenced should never be allowed to be 
interrupted until completed throughout the whole of 
its length. When the work is executed in water, other 
precautions require to be taken, not only for the pur- 
pose of compressing the concrete, but also to prevent 
the lime from being washed away. These must, of 
course, vary with the circumstances of each particular 
case; but we must always remember'that works of this 
kind, executed under water, are far inferior to those 
executed in the open air. 

When works are left to the care of mere workmen, 
as they too often are with ourselves, a very absurd 
mode of making concrete is often adopted where there 
is much water to be contended with. The lime is 
mixed with the gravel, without being previously slacked, 
and left to absorb the water necessary for its passing 
to a hydrate how it may. Such a course is unphiloso- 
phical and dangerous in the highest degree, and cannot 
too carefully be guarded against. In fact, the object 
to be attained, of securing a carbonate of lime by the 
equal and regular action of the hydrate, is thereby ren- 
dered impossible. It is much more than probable that 
many of the particles of lime can in these cases only 
obtain the water necessary for their solidification by 
absorption from the others around them. They must 
begin their action after the others have ceased ; and as 
the process of crystallization in all cases requires a new 
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molecular arrangement^ often accompanied by an ex- 
pansion^ there is little reason to doubt that if the lime 
be in large quantities^ it must disintegrate the mass. 

Vicat executed the beton for the bridge of Souillac on 
the Dordogne in the following proportions in volume: — 

26 parts of hydraulic lime in paste. 

39 y^ of granitic sand. 

66 „ of gravel. 
This mixture diminished in volume in the proportion 
of 1*31 to 1*00. But the diminution in volume differs 
of course with the limes^ or the sands used in the dif- 
ferent localities. 

Broken limestone appears to add very much to the 
qualities of concretes, betons, and mortars. Very pro- 
bably this may be attributed to the affinity between the 
molecules of the already formed carbonate of lime, and 
that which is in process of formation ; the new crystals 
may group themselves more easily about bodies whose 
form is similar to the one they are themselves to as- 
sume. Or possibly there may be a tendency in the 
chemical elements to arrive at a state of equilibrium ; 
and the carbonate of lime may, therefore, be supposed 
to part with a certain portion of its carbonic acid gas. 

Many attempts have been made to produce with con- 
crete a species of artificial blocks — amongst others, by 
Mr. Ranger. These do not appear to have answered 
in practice ; but we may safely assert that, if the mor- 
tars had been properly mixed in the first place, and if 
the concrete, when in the mould, had been properly 
rammed, and then allowed to dry very gradually, there 
is no reason why the attempts to make artificial stone 
should fail. One great cause of failure of this kind of 
artificial stone always has b^en, that the blocks are 
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exposed too soon after fabrication. They dry rapidly^ 
unevenly, and consequently crack in every possible 
direction, and thus offer great facilities for the action 
of the frost upon any water they may contain. 

The resistance of beton or concrete should never be 
regarded as being superior to those already given for 
limes, if the superstructure be commenced upon them 
immediately. In both cases the resistances are found 
to increase with comparative rapidity during the first 
six or seven months. It would be advisable, therefore, 
to leave concretes undisturbed during that space of 
time if it were possible. 

At Cherbourg Breakwater and at Dover Pier, Port- 
land cement has latterly been largely and successfully 
used for the purpose of making immense artificial 
blocks-. At Cherbourg the blocks are constructed upon 
the sheltered side of the Breakwater, with coursed 
rubble stone bedded in a mortar of granitic sand and 
Portland cement, and they are subsequently floated 
upon rafts over the positions where they are to be im- 
merged. At Dover the cement was used to make a 
species of concrete, which was poured into a mould and 
allowed to harden before being placed in the body of 
the masonry in the ordinary way. (See Appendix D, 
page 126.) 

CHAPTER X. 

ON CEMENTS. 

A PECULIAR class of the argillaceous limestones yields 
on calcination a species of lime capable of setting under 
water with considerable rapidity, of acquiring a great 
degree of hardness within a very short space of time, 
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and of being employed without the admixture of any 
foreign substance. The name of " cements '^ has been 
(somewhat absurdly) conferred in an especial manner 
upon this class of materials, although, properly speak- 
ing, the word is generic, and should include all sub- 
stances capable of cementing together small materials. 

The first discoverer of this kind of cement was Mr. 
Parker, of London, who in the year 1796 took out a 
patent for the manufacture of what he called Roman 
cement, from the septaria nodules of the London clay 
formation, found in the Island of Sheppy. His process 
consisted in calcining the stone, previously broken into 
small fragments, to a point equal to the commencement 
of vitrification, and then reducing it to powder by some 
mechanical operation. Parker appears to have thought 
that a very high degree of heat was necessary to the 
success of the operation ; but we shall have occasion to 
observe hereafter that the point of calcination has not 
the same influence on these cements which it has upon 
the ordinary limes. 

Subsequently Mr. Frost discovered that the sep- 
taria of Harwich, on the coast of Essex, produced a 
cement of the same nature. Mr. Atkinson introduced 
another made from the nodules of the argillaceous lime- 
stones of the secondary formations of Yorkshire. On 
the coast of France a similar material was found in 
1802, at Boulogne. M. Lacordaire discovered it also 
at Pouilly, in the ancient province of Burgundy ; MM. 
Lame and Clayperon found it in Russia. It occurs in 
the Isle of Wight, in the Bay of Weymouth, and doubt- 
lessly is to be met with in all the marl beds intercalated 
between the principal stages of the limestone forma- 
tions, and very frequently in the tertiary clays, in the 



80 



ON LIM£S^ CALCAREOUS CEMBNTS, 



form of detached nodules^ of a dark-coloured argillace* 
ous limestone traversed by veins filled Mvdth calcareous 
spar. The colour is sometimes blue, especially when 
the nodules are obtained from the lias; sometimes 
brown, or a deep red, in the tertiary formations, owing 
to the presence of the oxide of iron in very consider- 
able quantities. 

The mineralogical composition of the stones from 
which the cement is made diflfers very much ; but the 
characteristic type may be said to consist of above 30 
and below 60 per cent, of clay and other extraneous 
matter in combination with the carbonate of lime. The 
Sheppy stone usually contains 55 parts of lime, 38 of 
clay, and 7 of iron ; the Yorkshire stone contains 34 
parts of clay, 62 of carbonate of lime, and 4 per cent, 
of iron ; the Harwich stone contains 47 parts of clay, 
49 of carbonate of lime, and 3 of oxide of iron. But 
the most careful analyses made by Berthier are as fol- 
lows. The stones experimented upon were — column 1, 
the Sheppy stone ; column 2, the septaria of the coast 
near Boulogne; column 3, a stone from Matala in 
Sweden ; column 4, a stone from the neighbourhood of 
Argenteuil, near Paris. 
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The cement stones are burnt in conical kilns with 
running fires^ and^ in England at least, with coke or 
coal. The mode of burning requires a considerable 
degree of attention, for experience has demonstrated 
that Parker was mistaken in supposing that a com- 
mencement of vitrification was necessary. On the con- 
trary, the practice of manufacturers at the present day is 
rather to under-burn the cement, with the object of 
economizing the expense of grinding. This material 
differs in this respect also from the ordinary limes, that 
the precise point of calcination does not appear to 
affect its qualities. 

Before being burnt, the stone is of a fine close grain, 
of a peculiar pasty appearance ; the surfaces of fracture 
are rather greasy to the touch, and somewhat warmer 
than the surface of the stone. Examined with the 
microscope it exhibits many sparkling points, which 
may be either crystals of carbonate of lime, or of some 
of the other constituents. It sticks easily to the tongue ; 
it does not strike fire ; its dust, when scraped with the 
point of a knife, is a greyish white for the most part, 
especially when derived from the blue lias formation. 
It effervesces with nitrous acid, and gives off nitrous acid 
gas. During calcination the cement stone loses about 
one-third of its weight, and the colour becomes of a 
brown tinge, differing with the stones from which the 
cement is obtained. When burnt it becomes sofb to 
the touch, and leaves upon the fingers a very fine 
dust; and it sticks very decidedly to the tongue. 

When withdrawn from the kiln in blocks, the cement 
absorbs water with so much difiiculty that General 
Pasley was almost justified in stating that it could not 
do so. As he remarks, "it might be preserved in this 
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state for a long time in a dry room; but calcined 
cement being of no use until it is pulverized, this is 
always done at the mill of the manufacturer, to save 
the necessity of every purchaser providing himself with 
an apparatus for grinding it/' It is usually put into 
casks well closed when thus ground, and may in that 
state be preserved for a very long time ; but contact 
with the atmosphere rapidly deteriorates its quality. 
The cement powder absorbs humidity and carbonic 
acid gas from the atmosphere; it then passes gra- 
dually into the state of a subcarbonate ; but a second 
burning, carried to a lower degree than that employed 
for the first calcination, restores its useful properties. 

It is to be observed, and the fact is of sufficient im- 
portance to warrant repetition, that though all cements 
and limes tend to reassume a state of carbonization 
similar to that in which they existed in the stones from 
whence they were extracted, they only do so to a very 
imperfect degree. The proverb that lime at a hun« 
dred years is but a child, is perfectly true. Cements, 
on the contrary, harden very rapidly ; but we have no 
instances of their acquiring the strength of the original 
stone. 

M. Petot mentions that, in his experiments upon the 
calcination of the cement stones, he found that when it 
had been carried to the point of driving off all the car- 
bonic acid gas, the powder it gave was perfectly inert. 
This should be borne in mind in making any new expe- 
riments on this class of limestones ; and at any rate it 
constitutes a very remarkable difference between it and 
those which produce the common lime. The same dis- 
tinguished engineer also found that cement mortar was 
capable of being revived after the lapse of a consider- 
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able time. We may remark, in passing, that his 
researches form the best text-book upon the subject of 
the calcination both of limes and cements. 

There does not appear to be any definite rule in the 
London trade respecting the size of the casks, or the na- 
ture of the means by which the cement is transported. 
This is of little importance as long as it is intended to use 
it in the immediate neighbourhood of the source of sup- 
ply. When, however, the cement has to be transported 
to a great distance, it should never be packed in barrels 
of more than 6 cwt. each, and the greatest precautions 
should be adopted to prevent the contact of the atmo- 
sphere in any manner whatever. 

The specific gravity of the natural stone is usually 
about 2*16 ; that of the calcined stone in block is about 
1*58 ; that of the powder, very loosely packed, is about 
0*85 to I'OO. The best cement is, however, that which 
is the lightest, and it should be ground very fine. The 
size of the sieve required to be used by the French en- 
gineers is No. 2 of their wire gauge, and 185 meshes 
to the square of 4 inches of a side ; which seems a very 
reasonable dimension. 

The use of these natural cements requires a great 
degree of skill and attention on the part of the work- 
man. If it be not brought to a proper consistence — ^if 
too much or too little water be used — if it be not imme* 
diately employed as soon as made — it solidifies un&i 
qually, cracks, and adheres badly to the materials 
The care requisite for its successful application con- 
stitutes, in fact, the great objection to the use of 
cement. It is always dangerous to be obliged to rely 
on the skill or integrity of workmen, who either do 
not understand the necessity of taking pains with their 
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work^, or who, from being paid by the piece, have an 
interest in slurring it over. 

A small quantity of water only is necessary to work 
up cements to their greatest point of resistance, which 
General Treussart found to be the most successfully 
attained when the water was employed in the propor- 
tion of one-third of the cement in volume. It is 
necessary to beat up the cement very frequently; in- 
deed, the more it is turned over before the setting com- 
mences, the harder it becomes. No more should be 
prepared than can be immediately employed, for with- 
out this precaution it will set in a very short time. 

The time of setting varies with the nature of the 
water used, and the quantity of sand present. With 
sea-water the time is longer than with fresh, and the 
sand retards the process of setting considerably. 
When the cement is new, however, the time of set- 
ting, if it be used pure, should never exceed half an 
hour, a quarter of an hour being the normal period. 
It often happens, however, that the best cement \-ill 
harden in an interval not exceeding five or six minutes ; 
under water the interval becomes one hour at most. 
When mixed with sand in proportions varying from ^ 
to 1, li, and 2, to 1 of cement, the time of setting 
becomes from 1 h. 2 min. to 1 h. 18 min. in the air; 
under water the time becomes proportionally longer. 
It may even, under sea-water, and if the mixture be 
also made therewith, extend, for the mixtures with 
large proportions of sand, to 24 hours. 

Pure cement has much greater powers of resistance 
than when it is mixed with sand in any proportion 
rvhatever — in this again differing from the limes. The 
resistance to rupture after aboiit 20 days' exposure to 
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the air, is about 54 lbs. per inch square when the 
cement is used pure ; if the sand be in the proportion 
of 4- to 1 of cement, the same resistance falls to 371bs. ; 
if it be in equal proportions, it falls to 27lBs. Doubt- 
lessly, these resistances are less than we often meet 
with, but it is not safe in practice to count upon a 
greater strength than they indicate. Ron deletes rule, 
that the resistance to crushing is three times that offered 
to traction, does not seem to be quite correct in this 
case, for it would make the resistance of pure cement 
only equal to 162 lbs. per inch superficial; but, again, 
it would not be safe to take a higher degree of strength 
as the basis of any series of calculations for practical 
purposes. Moreover, the permanent load in any large 
works should never be more than one-sixth of that 
required to produce rupture ; and, if small materials be 
employed, the resistance should be calculated at only 
one-fifteenth of that indicated by theoretical conclusions 
of the above nature. 

Cement adheres very strongly to iron, to granite, and 
to bilcks, in a proportion following an inverse direction 
to the manner in which they have been just named. 
When re-burnt, after having lost its strength by expo- 
sure to the air, the resistance is not more than one- 
fourth of that of the fresh cement from the stone. 

The resistance to an effort tending to make stones 
slide upon their beds when joined by pure cement, 
may be considered equal to 9lbs. per square inch upon 
the average; but it often arrives at 18lbs. per inch. 

From these considerations, it would appear that the 
best mode of using the natural cements is to employ 
them without sand in all works under water, or where 
a great crushing weight is to be brought upon them at 
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once. For foundations in damp situations^ where 
rapidity of execution is desired, they may be mixed 
with 2 parts of sand to 3 of cement; the same 
proportions are suitable for cornices, or coatings ex«> 
posed to the weather. 3 parts of sand to 2 of cement 
make a good mixture for perpendicular faces ; but care 
must be taken that the cement be used so as not to 
allow of the formation of fissures, or the frost will 
destroy it. 

Many of the failures of the coatings executed upon 
brickwork are to be attributed to the neglect of pro- 
per precautions against the action of the atmosphere. 
It is important that the brickwork to be covered be 
thoroughly dry before the coating is added, or the 
expansion of the water it contains will blow off the 
latter. The cheap and disgraceful system of colour- 
ing, instead of painting, also leads to many failures in 
the employment of this very useful class of materials. 

In England, owing to the cheapness of the so-called 
Roman cement, whether specifically distinguished as 
Atkinson's, the Medina, or merely called Roman, almost 
all the works executed in water at the present day are 
executed with it. But there are reasons to make us 
doubt whether we do not in this case adopt a system 
which is at least open to objection. Cement is so con- 
venient, that engineers and architects neglect to study 
the qualities of lime ; and some very unfortunate acci- 
dents have arisen from that neglect. For instance ; the 
author has seen, in one of the government dockyards, 
the whole of the backing of a graving dock executed in 
cement, when there were large works in the immediate 
vicinity for the manufacture of the blue lias lime — a 
most shameful waste of the money of the nation. All the 
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profession may recollect a sad accident^ which cost the 
litres of several men^ and which arose from building 
columns in cement on bases in mortar. With respect 
to these cases we may observe that Roman cement is a 
most admirable material where great rapidity of setting 
is required ; but it should only be used under such cir- 
cumstances^ for good hydraulic limes in time attain a 
degree of resistance sufficiently great for all practical 
purposes^ and at a much less expense. To use a hard, 
quick-setting material upon a yielding base, is a degree 
of ignorance totally unaccountable on the part of any 
professional man of average discernment. In fine, the 
uses of these cements are many and various; we, in 
our country, are rather inclined to abuse them. 

There are many sorts of artificial cement employed 
which are obtained either from the over-calcination of 
the hydraulic limes (all of them possessing the faculty 
of acquiring a more rapid setting, and a greater degree 
of hardness when so burnt), such as the Portland 
cement before mentioned ; or from the mixture of burnt 
clays with the rich limes. In some parts of the conti- 
nent, where the natural cement stones do not exist, the 
latter are much used, and they yield a very tolerable 
substitute for the articles they replace. They are not 
exposed to the inconvenience which attends the over- 
calcined limes, of swelling in setting; but they are far 
from attaining the hardness of either the natural ce- 
ments or the overbumt artificial ones. Their use is 
principally confined to a mixture with the slow-setting 
limes when they are employed in damp situations, and 
in these cases they succeed remarkably well. The cess- 
pools and water tanks throughout the interior of Nor- 
mandy are lined with a mortar made in this mannerj 
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and they resist perfectly; but this description of ce- 
ment is never used if the natural cements can be ob- 
tained at a reasonable price. 

It is to be observed; that although the Portland 
cement is occasionally exposed to the before-mentioned 
inconvenience of expanding whilst setting, it has other 
qualities of a very remarkable nature. It becomes, in 
equal times, after the first setting (which, by the way, 
is very irregular), much harder than the Roman cements. 
It will admit of a much larger quantity of sand for every 
purpose ; and, moreover, as it does not absorb the hu- 
midity of the atmosphere with the same facility it con- 
sequently resists the action of frost more successfully, 
and is less exposed to discoloration by the formation 
of vegetation. 

In some parts of France, especially in the ancient 
Lorraine, limestone beds are worked which yield a 
speqies of lime intermediate between the Roman ce- 
ments and the eminently hydraulic limes. The best 
of these occur at Flavigny, and Richard Menil, near 
Nancy, where they are principally used for making 
floors of one piece, and of a smooth uniform surface. 
The colour of the stone is of a darkish brown, of a great 
tenacity, and very compact; its specific gravity is 2*62. 
The lime it produces is of a yellowish grey, and it sets 
very rapidly in water. Mixed with the clean gravel of 
the Moselle, in the proportions of 4-J. to 1 of cement, 
the volume of the mixture diminishes one-fourth ; it is 
then spread upon the form prepared to receive it, and 
well beaten. There must be many beds of such lime- 
stone in our own country, as iu the neighbourhood of 
Rugby, Bath, Aberdare, &c. ; and, if they were properly 
sought for, they might add materially to our facilities 
for building. We require a careful geological survey 
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of England to ascertain the riches we possess of this 
nature. A commencement was made by the parlia- 
mentary commission for the choice of the building 
stones for the Houses of Parliament; but it did not 
extend its inquiries to the other branches of this very 
important part of practical science. 



CHAPTER XL 

OS THE VARIOUS CEMENTS COMPOSED OF NUMEROUS 

EXTRANEOUS INGREDIENTS. 

There exists also an infinite number of processes for 
making cements able to harden under water, and to 
acquire a great degree of resistance. Their success is 
of course very various ; nor can it well be otherwise, 
for as all these mixtures depend for their success upon 
the care and skill observed in their manipulation, they 
must be exposed to all the accidents which attend the 
processes of human industry. The following are some 
of the artificial cements alluded to ; but the list might 
De extended indefinitely without including all the 
varieties. 

They may be separated into two grand divisions, the 
bituminous and the oleaginous. Both of the classes 
are of constant use in the arts of building ; and they 
furnish materials of very great importance, either for 
the coating of works for ornamental purposes, or for 
protecting them against the action of water. 

Tlie bituminous cements are used either for the pur- 
pose of supplying the absence of large flagging for 
street paving, or for covering the extrados of arches, 
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in order to prevent the percolation of water from the 
upper structure. In many situations they are very 
successful, when employed for street paving ; but, gene- 
rally speaking, we in England have no occasion for 
such substitutes for stone. Such is not the case in 
France, however ; and it might be economical to use 
these cements in some of our own inland towns, where 
the cost of land carriage renders the stone flagging very 
expensive. For covering arches, these cements are, 
moreover, very much to be recommended. In all new 
masonry, with whatever care executed, there are always 
movements which fissure the coatings executed in limes 
or natural cements. These again are subject to unequal 
shrinkage and contractions, which produce crevices; 
and, from these united causes, it is very rare to find 
that such coatings are impermeable. The bituminous 
cements are more elastic; it often happens in their 
case that small crevices solder themselves, so to speak ; 
and, if any serious repairs are required to be done, it is 
much easier to execute them than it is when the works 
are executed with limes. 

The best bituminous cements are obtained from the 
natural asphalt, which is met with in large quantities 
on the shores of the Dead Sea ; in Albania ; in Trini- 
dad ; at Lobsann and Bekelbronn, in the department 
of the " Bas Rhin ;'^ in the department of the Puy de 
D6me ; near Seyssel, in the department of the " Ain ;'^ 
at Gaugeac, in that of the Landes ; and would, in all 
probability, be found near Castleton, in Derbyshire, if 
carefully sought for. 

There are two sorts used in commerce, the pure and 
the impure. The first does not contain extraneous 
matter in any great degree; the second contains a 
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raiiable proportion of carbonate of lime, and is, there- 
fore, better adapted to such works as are exposed to 
the effects of the sun. The purer asphalt melts in such 
positions, but it is better adapted for subterranean 
works. 

The best bitumen, or asphalt, for the words are very 
illogically confounded in commerce, is free from water. 
Its specific gravity is 1*10 to 1'15 at the ordinary tem- 
perature; it is solid, but highly ductile, for it draws 
easily into threads ; its fracture is black, slightly bril- 
liant. Put into warm water, it should float upon the 
surface, and in that operation it should not deposit any 
sand. It dissolves completely in the oil of petroleum 
and the essence of turpentine; and the dissolution, 
which should be of a bistre or dark-brown colour, after 
being filtered, should not be found to have contained 
more than seven per cent, of earthy matters. In com- 
merce, much fraud takes place by mixing coal tar and 
pitch; but these materials, though very valuable by 
themselves, destroy the superior qualities of the mineral 
asphttlts. It is also highly important to secure the 
purity of the asphalt from sulphur, or the sulphates of 
iron. Even so small a proportion as 0*5 (or '^) per 
cent, would materially diminish its value. 

When the asphalt is to be used, the solid bitumin- 
ous stone is thrown into a quantity of mineral pitch, in 
a state of ebullition ; for if it were put into the caldron 
alone, it would calcine without melting. If any sand 
or earthy impurities be present, they should be removed 
at this stage of the process. The calcareous matters 
are mixed with the melting bitumen in proportions 
varying with its nature ; and the mixture is applied by 
means of large spatules, or trowels. Colonel Emy found 
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the following proportions to be the best for the asphalt 
of Gaugeac^ and they may be taken with tolerable safety, 
as being the most suitable for all the members of this 
class of cements, when used as a coating for arches. 

2-J- pints (wine measure) of pure mineral pitch. 

11 lbs. avoirdupois of Gaugeac bitumen. 

17 pints of powdered stone dust, wood ashes, or 
minion. 

It is advisable to lay this cement upon a bed of con- 
crete, or mortar; and as much as possible in slabs of 
2 ft. 6 in. to 3 ft. in width. It should be evenly spread 
and compressed by a trowel, well rubbed and reduced 
to a uniform close surface. When all the bubbles have 
been expelled, a fine sand is sprinkled over the surface, 
and worked in with the trowel, observing never to fill 
the crevices formed by the air-bubbles with sand, but 
only with asphalt. 

The thickness necessary for coating any arches is 
not more than from three-fifths to half an inch; the 
quantity of the cement thus employed to cover a yard 
square is about 4-^ lbs. 

For street paving, it is absolutely necessary to em- 
ploy under the asphalt a bed of concrete of hydraulic 
lime and gravel; the upper surface being rendered 
smooth by a coating of hydraulic mortar. The thick- 
ness of the asphalt should be increased to three-fifths 
of an inch ; and it is advisable to add a small quantity 
of pure quick lime to the bitumen in ebullition, to pre- 
vent the asphalt from becoming soft under the influ- 
ence of the sun's heat. The surface upon which the 
asphalt is to be employed should be perfectly dry; and 
it should be applied as hot as possible. All the natural 
asphalts are not of the same quality in so far as their 
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elasticity is concerned. If, therefore, any of them are 
found to be too brittle, that defect should be remedied 
by mixing a quantity of the mineral pitch or petro- 
leum ; but on no account by the mixture of coal tar or 
vegetable pitch. 

The coal tars, or vegetable pitch, although they be 
not so desirable as the natural bitumens for building 
purposes, may in many cases become very valuable 
substitutes for them. They are not so supple, the stone 
powder to be mingled with them requires to be pre- 
pared with greater care ; and it would appear that they 
are not so durable as the natural productions of a cor- 
responding class. But they make very good coatings 
for vaults, or for walls exposed to the dampness of the 
earth; and many situations occur in which their use 
must be more economical than that of the materials 
they are to replace. For foot pavings, however, they 
do not answer at all. 

The mode of using them is to mix powdered cal- 
careous stone, in variable proportions, with the pitch 
or tar in a state of ebullition. Care must be taken 
that the stone be thoroughly dry; for if it were wet, 
it would render the cement porous, from the effect of 
the vapour trying to escape. The burning, or degree 
of heat, must also be so regulated that the stone be not 
converted into quick lime, which takes place with com- 
parative facility owing to its highly comminuted state. 
The proportions of powder are from 6 to 7 of the piteh 
in volume, but these require to be ascertained by direct 
experiment in every distinct case. All the other de- 
tails of the use of these cements are precisely the same 
as in the case of the natural asphalts, excepting that it 
is advisable to use them in greater thicknesses. 
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The cements used for mosaic works are sometimes of 
the bituminous character. As applied on the continent, 
they are of three sorts. The firat, which serves to set 
the large tesserae in forming floors, is composed of pitch 
mixed with a black earth ; the second, which serves to 
set stones of middling dimensions, is made of the cal- 
careous stone of Tivoli, and of oil ; it is properly an 
oleaginous cement; the third, which is used for the 
more delicate mosaics of pieces of glass, is made of 
lime, pounded bricks, gum andragan, and the white of 
eggs. The French plumbers unite the glazed pottery 
tubes they employ for the distribution of water, with a 
hot cement made of resin, wax, and lime ; or with a 
cold cement composed of quick lime, cheese, milk, and 
the white of eggs. The list of these mixtures is, as we 
observed before, interminable ; but their use is not of 
sufficient importance to require a detailed notice. 

The oleaginous cements were formerly very much 
used in London under the name of mastic, for the pur- 
pose of the ornamental decorations of the Quadrant, 
and of King William Street in the City. They produce 
a very fine, close-grained, even surface, and if painted 
in the beginning, and repainted every three or four 
years, they retain their beauty for a very long period. 
Their use has, however, very much diminished of late, 
owing to the expense, and the difficulty of the manipu- 
lation. Indeed, there are no reasons which should 
induce us to prefer these materials to the hydraulic 
cements obtained from the septaria, in face of the great 
difference in their prices. 

The best mastics used are known in commerce under 
the names of Hamelin^s mastic, in England; and the 
mastic de Dhil, in France. The composition of both 
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is kept secret; but the main principle of their fabrication 
consists in the mixture of pounded brickdust, or well- 
bumt clay, or stone, with litharge, the red protoxide of 
lead, and with perhaps some extraneous matters. As 
the proprietors of these processes object to their being 
rendered public, we content ourselves with calling 
attention to them, and observing, that they are the 
best of this class of artificial cements. Many substi- 
tutes have been invented for them, which have been 
more or less successful; the following being amongst 
the most remarkable. 

A litharge mastic is made by mingling 93 parts of 
burnt clay, pulverized, with 7 parts of litharge ground 
to a very fine powder. It is mixed up for use with a 
sufficient quantity of very pure linseed oil, to reduce it 
to the consistence of plaster in a similar state ; it is 
applied like plaster, after the surface has been previ- 
ously wetted with a sponge filled with oil. This mastic 
was invented by the Baron Thenard, and it has answered 
tolerably well. 

At La Rochelle, the officers of the engineers used, in 
1826, a mastic which very closely resembled the mastic 
de Dhil. 

It was composed of 

14 parts in volume of siliceous sand. 

14 parts of pulverized calcareous stone. 

tV i^ weight of litharge (of the united weights of the 
sand and stone). 

-f of the total weight of linseed oil. 
These powders were previously well dried in an oven, 
for it was found that the affinity of the mixture for the 
oil depended upon the state of desiccatior of the mat- 
ters, and upon the commencement of a calcination 
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which appeared to be produced. The mastic thus pro* 
duced was mixed with oil in the usual manner, and tne 
surfaces upon which it was applied were previously 
soaked with oil. 

In Paris the military engineers sometimes use a mastic 
of nearly a similar composition, which is made of 6 parts 
in weight of cement, 1 of white lead, 1 of litharge, 3 of 
linseed oil, and ^ of a richer oil, perhaps an animal oil. 
At times the cement made from burnt clay is used, at 
others the natural cement ; it has been found also that 
in some positions the white lead might be advantage- 
ously replaced by a similar quantity of puzzolano. 

Vauban recommended a kind of mastic which appears 
to have answered very well for the lining of cisterns 
and such works. He took 5 or 6 parts in volume of 
rich lime, which had been slacked in linseed oil, and he 
mixed these with 2 parts of good cement passed through 
a very fine sieve. The mixture was beaten up for about 
half a day; it was laid aside for a night, and beaten up 
again during half an hour on the next day. It was then 
laid on the work to be covered in coats of from Jth to 
,ith of an inch at a time, the joints being first well 
raked out and cleaned. After three or four days, a 
second, and subsequently a third and a fourth coat 
were added, the lower one being well scored to form a 
key to the last one to be applied. This is the simplest, 
and experience has shown it to be one of the best 
methods of making mastic; but we may repeat that 
such compositions are but elaborate modes of supply- 
ing the places of materials which exist already in the 
more convenient form of the natural cements. (See 
Appendix E, page 129.) 
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CHAPTER XII. 

ON PLASTERING. 

The modes of "rendering'^ the insides of dwellings 
vary in diflFerent countries with the materials most com- 
monly found. Wherever the sulphate of lime occurs in 
large quantities, it is the material exclusively employed ; 
when it becomes too dear, a combination of lime with 
sundry other materials is substituted for it ; or cement, 
either natural or artificial, is used. 

The sulphate of lime is met with in large formations 
known under the commercial name of gypsum. It is to 
oe found, in England, at Alston, in Cumberland; at Shot- 
over Hill, in Oxfordshire ; and a variety of the fibrous 
gypsum occurs in Derbyshire and in Cheshire. In the 
neighbourhood of Paris, it is met with at Montmartre, 
Belleville, Charonne, Menilmontant, le Mont Valerien, 
Triel, Meulan, ai*d Vaux. It is worked in the depart- 
ments of the Soane and Loire, of the Rhdne, of the 
M arne, the Seine and Oise, and of the Landes ; in the 
Alps and the Lower Pyrenees ; it is also found near 
Marseilles, Grenoble, Mont Blanc, and Mont Cenis; 
in Tuscany, Savoy, Spain, and Switzerland. An anhy- 
drous variety is worked at Bergamo, and Milan, which 
comes from the neighbourhood of Vulpino. In Ger- 
many there are also beds of it largely worked for the 
purpose of dressing the artificial meadows ; and large 
quantities are also extracted for the same purpose in the 
British colonies of North America, which are exported 
principally to the United States. It may be said geo- 
logically to occur either in contemporary strata of grettt 
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thickness (as near Paris) in the tertiary formations ; or 
in the iridescent marls {les marnes irisSes) of La Meuse, 
or the Aveyron ; or in masses of a subsequent date in 
tie different secondary rocks. These last masses are 
constantly in contact with the igneous rocks^ and they 
are very frequently associated with the dolomites, rock- 
salt, bitumen, and sulphur in a distinct form. 

The sulphate of lime is insipid, or of a slightly bitter 
flavour; it is colourless and indecomposable by heat. 
It is soluble in water, whether hot or cold, 1000 parts 
of water at any temperature between lOP and 100° of 
the centigrade scale dissolving 3 parts of plaster. Its 
specific gravity is 2*31 ; it contains in its natural state 
20*9 per cent, of water of crystallization, which is given 
off at a temperature less than 200° of the centigrade 
scale (392° Fahrenheit). 

The gypsum from the best quarries is nearly as hard 
as the calcareous stones ; after its water of crystalliza- 
tion is driven off, it becomes pulverulent and like flour. 
If fresh water be presented to it in this state, it com- 
bines with the normal quantity of water, and reassumes 
the form of a hydrate, which it had lost by the burning, 
crystallizing around the materials presented to it, and 
recovering its original density and strength to a very 
great degree. It is this property which has led to its 
use in buildings : when the plaster is burnt it is de- 
hydrated; when gauged, or worked up, the precise 
quantity of water it had lost is restored to it. 

The plaster is ^^got*' from the quarries (either under- 
ground or open) by picks and wedges ; sometimes with 
gunpowder. The greater number of the quarries round 
Paris are underground ; and at Montmartre, nearly the 
whole hill is thus dug out. The stone is broken up 
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into small blocks, about the size necessary for rabble 
masonry, before being carried to the kilns. 

The burning of the plaster stone at Paris, and 
throughout the continent, is managed in a very slovenly 
way. The kilns consist simply of three sides of a 
square enclosed by brick walls, covered with a rough 
tiled roof, in which spaces are left to allow the escape 
of the steam. Under this sort of shed (for that is a 
more correct name than that of a kiln), the plaster is 
arranged by constructing, firstly, a series of vaults of 
the largest stones, filling in the haunches as the arches 
are carried up. Upon these the remaining stones are 
piled, paying attention only to the fact that the larger 
ones should be near the fireplace formed by the vaults. 
These are subsequently filled with faggots, or other 
firewood, which is then lighted. The flames rise through 
the spaces left in the stones; they ascend gradually 
through the mass, and distribute, as equally as may be, 
the heat in their passage. 

The time of burning necessarily depends upon the 
quantity operated upon at once; but care must be 
taken that it be not continued so long as to over-cal- 
cine the particles in immediate contact with the fire. 
As was before said, a degree of heat equal to 200° of the 
centigrade scale is sufficient to drive off the water; if 
exposed to a greater heat, the sulphate of lime appears to 
lose its power of combining with the water necessary for 
the process of reassuming the form of a hydrous sulphate. 
The system of calcination adopted abroad, as might na- 
turally be expected, leads to a great waste of raw material, 
owing to the very slovenly way in which it is executed* 
As much as one-fifth is wasted in many of the kilns. 

Some of the London manufacturers adopt a mode oi 
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preparing the plaster, which obviates not only this in* 
convenience, but also that attending the use of coal, 
which discolours the plaster very much. It consists of 
a kiln so arranged that the fuel is never in immediate 
contact with the stone ; but the chimney from the fire- 
place passes round and round the kiln, and communi- 
cates its heat during the whole of its passage, rendering 
the interior, in fact, an oven. The plaster in this case is 
burnt contmuouslv. 

A system has also been proposed lately in France 
which appears theoretically superior even to this pro- 
cess. It is founded on the fact that steam at a verv 
great degree of heat becomes a gas, very greedy of 
water, and able to absorb it from any body it may be 
put into contact with. A jet of steam, heated above 
400° Fahrenheit, is in this system projected upon 
the plaster stone, which has been broken very small 
comparatively ; it takes up immediately all the water 
present, and leaves the plaster in the state of a pure 
anhydrous sulphate of lime, without waste or discolora- 
tion. The difficulty of this process lies in making the 
chamber in which it is carried on, and all the machinery, 
sufficiently strong to resist the action of so very elastic 
a gas as steam at that temperature. But the problem 
has been solved for the drying of gunpowder by a similar 
use of very high-pressure steam ; there can, then, be no 
insuperable difficulty in the case of the plaster. 

The stone which yields the best description of plaster, 
without any exception, is that found near Paris. Gene- 
rally speaking, its superior hardness, and rapidity of 
setting, are attributed to the presence of a small quantitv 
of carbonate of lime, which is supposed to be converted 
into a pure lime by csilcination. But, as Guy Lussac 
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observed, this cannot be the real explanation, for the 
degree of calcination of the plaster is never suflSciently 
higli to affect the carbonate. The degree of hardness 
of the plaster must then depend entirely upon that of 
the stone from whence it is obtained ; and we generally 
find, in fact, that such is the case — the hardest stones 
produce the hardest plaster. 

A simple manner of ascertaining the quality of a 
plaster stone is to put into a vase a certain quantity of 
it in a state of powder, and to pour thereon one half in 
volume of nitric acid, diluted in three times its own 
weight of water. This is allowed to repose, and after 
several hours, the liquid is to be decanted very gently. 
The deposit is to be washed with pure water several 
times, being allowed to rest between each of the opera- 
tions. As soon as the water is pure and tasteless, the 
mixture or deposit is to be taken out, spread upon a 
sheet of paper, and dried. Weighed in this state, the 
loss it has sustained represents the quantity of carbonate 
of lime present in the stone submitted to the analysis. 

After the calcination, the plaster is reduced to powder, 
either by hand or in a mill; in this state it absorbs the 
humidity of the atmosphere with great avidity, and re- 
quires to be covered up very carefully, directly it is 
3rushed, to secure it from contact therewith. There is 
also, from this same reason, a considerable danger in 
transporting plaster in its manufactured state for any 
great distance. 

When mixed with water, a species of confused crys- 
tallization takes place, and the water in combining with 
the plaster gives off a considerable portion of its latent 
heat. An augmentation of volume takes place, which 
is supposed to be owing to the efforts of the crystals to 
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arrange themselves symmetrically. Unless great atten- 
tion be paid to this action of the plaster, it is likely to 
compromise seriously the solidity of the work* Some- 
times it is obviated by mingling with the plaster sub- 
stances which may allow the movement of the crystals 
to take place, without affecting the colour of the mass. 

Plaster is far from having permanently the tenacity of 
mortar, which property in the latter, unlike plaster, as it 
is well known, increases with time. Rondelet found 
that if two bricks were joined together by means of this 
material, they united with one-third more force in the 
commencement than if they had been joined with lime; 
bat that they subsequently lost their force of adherence. 
A very useful application of plaster was made by Smea- 
ton in the construction of the Eddystone Lighthouse, 
where he covered the fresh cement joints with it, to give 
them the time necessary to harden. 

In England, where plaster is both bad and expensive, 
its use is confined to the more costly descriptions of 
decoration. In France, however, it is largely used for 
the construction of walls, both internal and external, 
as well as for rendering them afterwards. If proper 
precautions be taken to cover the surfaces exposed to 
the weather, and if it be painted as soon as dry, the 
plaster is eminently useful in such positions ; and re- 
places very advantageously the natural cements for all 
common purposes. But it is utterly incapable of resist- 
ing the action of water. 

As the proprietors of the French quarries of gypsum 
have recently made vigorous efforts to introduce that 
material into our country, and as from its superior qua- 
lities it \f ill eventually force itself into general use, if 
burnt near the place of consumption, some instructions 
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are added as to the manner of employing it which is 
generally adopted in Paris and the environs. 

The coarser kinds of plaster are used for the ordinary 
works, such as the rendering of walls and partitions; 
the finer qualities are reserved for the ceilings, cornices, 
and other decorative works. A difference is to be ob- 
served in the quantity of water to be mixed, according 
to the position and nature of the work to be executed. 
Thus, for walls, the plaster must be gauged stiff for the 
first coats, and more fluid for the setting coat. For 
cornices worked out in the solid, the core is made of 
stiffly gauged plaster, which is floated with finer mate- 
rial, and lastly finished off with plaster laid on by hand 
about the consistence of cream. Practice only can 
ascertain the precise degree of stiffness to be given, 
especially as every burning yields a different quality. 

When walls are to be rendered in plaster, they 
require to be first jointed, and then wetted with a 
broom. The surface is then covered with a coat of thinly 
gauged stuff laid on with a broom, or at least worked 
with the trowel in such a manner as to leave sufficient 
hold for the next coat. This is gauged stiff, and is laid 
on with the trowel ; it is floated with a rule, but the 
face is finished with a hand trowel. Owing to this, and 
to the fact that the plaster sets too rapidly to allow of 
great pains being taken with the floating, the surfaces 
are never so even, nor are the angles so square and true, 
as with the common system adopted in England. But 
this mathematical nicety is not really of importance in 
ordinary works, whilst the rapidity with which the 
plaster dries constitutes a real and very important re- 
commendation in its favour. 

The partitions in Paris are generally made solid, so 
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as to prevent sound from passing through them. They 
are executed with quarters of oak or of fir, according to 
the nature of the building. Upon the quarters, laths 
are nailed every 4 in. apart, and the interior is filled in 
with plaster rubble. This is made even and flush with 
the laths, and the whole is then rendered like an ordi- 
nary wall. 

The ceilings are sometimes executed with close laths, 
but the usual plan is to nail them about 3 to 3 1 in. 
from centre to centre. A sort of flat centering is put 
under them, and what are called "augets*^ are then 
formed between in plaster, which finish about flush with 
the under side of the laths, and return up the joists to 
nearly their total height, forming a sort of channel, 
which the workmen often finish by drawing a bottle 
along the sides. The minimum thickness in this case 
should be about 1 inch ; the ceiling itself is added un- 
derneath ; the floors are either of wood, or of tiles upon 
a bed of plaster formed above the joists. The better 
description of such floors and ceilings are often made, 
however, with laths spaced A!' from centre to centre ; 
the space between ceiling and floor is then filled up 
with light plaster rubble, and the upper and under sur- 
faces are rendered to receive the ceiling and the tiles. 
Ceilings executed in either of these two last-named 
manners, cost 1 \ time those executed either with laths 
or flat " augets.^' 

In countries like our own, and in Belgium and the 
French Flanders, where the price of plaster is very 
high, it is replaced by the use of a mixture of lime and 
sand, to which cows* or calves* hair is added. This 
mixture is then applied upon close lathing for ceilings 
and partitions, and in the usual manner upon walls. 
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The lime generally used for this purpose is the chalk 
lime, which is slacked with a great deal of water, and 
runs from an upper basin in the state of a cream into a 
lower one, where the excess of water is allowed to 
evaporate. A grating should be placed at the entry of 
the passage between the two basins, to keep back the 
core, or any unslacked particles the upper one might 
contain. The lime run in this manner is made into a 
mortar with a very fine sand, and the hair is then added. 
For the first coats coarse hair will be most desirable ; 
for the finishing coats it should be finer. 

In well-finished works two coats are given, whiclr 
are distinguished by the names of the " rendering** and 
the ^^ floating.** A third coat is then added called the 
setting coat, which is made of the pure lime as it is 
run from the basin. Ceilings are afterwards covered 
with a very light coat of plaster, gauged thin, and laid 
on with a trowel. Such plastering is very cheap ; and 
'>f proper attention be paid to its execution so as to 
avoid blisters from the use of unslacked lime ; to fill 
the cracks which frequently take place in the thicker 
coats, from the unequal contraction of the lime in 
setting; and to allow a proper interval for the whole 
plastering to dry before the painting, or subsequent 
decoration to be added, is applied; the lime and hair 
may be safely admitted as a substitute for the natural 
plaster. The greater rapidity with which the latter 
dries, the much superior manner in which it takes 
colour, and the degree of hardness it attains, will, how- 
ever, secure it the preference, unless very weighty con- 
siderations of economy opposes its employment. (See 
Westmacott's Appendix F, page 105.) 

One great use of the sulphate of lime dehydrized, or 
of the common plaster is for the purpose of top-dress- 
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sing upon the lucerne, trefoil, sanfoin, and other artifi- 
cial grasses. This method of using it prevails to a very 
great extent throughout France and the United States; 
but it is comparatively unknown in England. Some 
experiments appear to have been already made, but 
with the English plaster stone in its unburnt state. 
They did not succeed; it maybe owing to the difierence 
of the two stones, or because, as the raw gypsum was 
used, in so very wet a climate as ours, its useful action 
was too rapidly exhausted. It would also appear that 
the gypsum was used as a manure (for which purpose 
it is comparatively valueless) instead of being simply 
employed as a top-dressing. In the north-west of 
France the farmers use the plaster in equal quantities 
with the seed sown, or 4 cwt. per acre. It is sprinkled 
gently over the grass crops, and the best time for em- 
ploying it is immediately before a shower of rain. This 
dressing requires to be renewed every year, and conse- 
quently is rather expensive ; but the results it produces 
are startling, so great is the difference in the weight of 
the grass crops. The objection on the score of expense 
ought now to be obviated ; for with the facilities oflFered 
by the French Railway Companies, the plaster stone 
could be obtained in England at a sufficiently low rate 
to enable manufacturers to supply the plaster itself at a 
price which would bring it within the reach of farmers. 
The London manufacturers appear to have been run- 
ning a race lately in bringing out new combinations of 
plaster^ the result of which only appears to be, that they 
obtain artificially and expensively what would be nearly 
as well obtained by the use of the French plaster stone. 
Amongst the best of these inventions is, without excep- 
tion, the Keene's cement, which is capable of being 
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worked to a very hard and beautiful surface, so hard, 
indeed, as to be well adapted for floors or skirtings. It is 
obtained by soaking the plaster in alum water after a 
first calcination ; it is then put a second time into the 
kiln, reburnt, and ground. The Keene^s cement is, in 
fact, a very beautiful plaster. Why the name of cement 
should be given is, however, a mystery, unless we 
explain it on the ground that the manufacturers wish to 
keep up their charter of applying names without rhyme 
or reason. 

The Parian cement is also composed of a plaster 
base, the gypsum being mixed with borax (the borate of 
soda) in powder, and the mixture is calcined, and is 
subsequently ground. The result is a very beautiful 
material ; but it is liable to the same objection as the 
Keene's cement, namely, the expense. 

There are numerous other mixtures of the same 
nature in which the plaster is mixed with one or more 
of the salts. They can hardly be yet considered as 
inventions which have fallen into the domain of publi- 
city; any detailed description might, therefore, be 
considered as an interference with the rights of the 
proprietors. (See Appendix G, page 131.) 



CHAPTER XIII. 

ON STUCCOS. 



The name ^* stucco'^ is given to a species of plastering 
which is subsequently worked to resemble marble. It 
is generally made of lime mixed with calcareous powder, 
chalk, plaster, and different other substances, in such a 
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manner as to obtain in a short time a solid surface^ 
which may be coloured, painted, and polished with 
sufficient perfection to allow of its being used instead 
of the more precious marbles. It is employed in archi- 
^cture to cover columns, pilasters, walls, plinths; to 
form mouldings, bas-reliefs, and other analogous objects 
of decoration. 

Stucco is also sometimes used to protect exterior 
surfaces exposed to the air or to humidity; but in 
this case such materials only should be used as are 
capable of resisting the action of water. As the mate- 
rials for making stuccos do not exist everywhere in the 
same manner, their composition must differ in every 
locality. The principal object is to obtain a material 
which is capable of acquiring a great degree of hardness, 
and which is able to receive a polish. To obtain these 
results, one of the most important conditions is, that 
the different ingredients be reduced to the greatest pos- 
sible degree of fineness, and that they possess the 
power of rapidly solidifying. 

There are two species of stuccos: those made of limes, 
and those made of plaster. Of the former it is evident 
that the best must be those which are classed under the 
name of cements; but their disagreeable colour prevents 
their being used, at least for ornamental decoration. 
They serve, however, to form the foundations on which 
the more elegant preparations are applied, whenever 
any danger is to be feared from humidity. 

The Italians usually execute their stuccos in three 
coats ; the first is a very coarse one, and forms merely 
what we would call the '^ rendering.^* The materials of 
the second are much finer, and they contain a larger pro- 
portion of time ; the surface being thus brought up to a 



MORTARS^ STUCCOS^ AND CONCRETES. 109 

very even, close grain. The last coat of stucco is made 
of rich lime which has been slacked, and run through a 
very fine sieve, and is usually allowed to stand ft-om 
four to five months before being used, in order that 
every particle of it may be reduced to a hydrate. If the 
lime cannot be kept for so great a length of time, the 
slacking may be perfected by beating it up very fre- 
quently. When great perfection is required, it is usual 
to mingle pounded white Carrara marble, or even gyp- 
sum or alabaster ; but the latter are only used in situa- 
tions which are entirely protected from the action of 
the atmosphere. The powdered marble and the lime in 
the form of a very damp paste are mixed, in equal 
quantities, until the whole is perfectly homogeneous. 
Vitruvius even recommends that the trituration with a 
trowel be continued, so long as any portion of the mix- 
ture adheres to the iron, before it be applied. This 
preparation is then laid very carefully upon the even 
surface of the second coat of plaster, and well worked 
with the trowel until the face becomes perfectly 
polished. It forms a very good imitation of marble of 
a uniform colour. 

The diflFerent colours are obtained by mixing with the 
lime such metallic oxides as the case may require; thus, 
to obtain blues, two measures of marble powder, one of 
lime, and a half measure of the oxide, or even the car- 
bonate of copper, are mixed together. 

To obtain greens, a quantity of the green enamel is 
used with a larger proportion of marble powder ; but 
the mixture is worked up with lime water. Pearl greys 
are made by mingling ashes with the marble. Browns, 
by mingling ashes and cement in proportions varying 
with the tones desired to be obtained. Blacks are 
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made by using forge ashes containing numerous par- 
tides of iron. Calcined ochres are used to make the 
reds, as is also litharge^ or the red oxide of lead ; the 
yellow oxide of lead serves to give that colour. The 
mixtures thus obtained are subsequently laid on in 
patches ; and the excellence of the work consists in the 
taste with which they arc employed to imitate the 
eflFects of the natural marbles^ so as to give either the 
blending or the distinct opposition of colours to be met 
with therein. 

When plaster is used instead of lime^ it is gauged 
with lukewarm water in which size has been dissolved^ 
or fish glue, or gum arabic, in order to fill up the pores, 
to give it more consistence, and to render it sus- 
ceptible of receiving a better polish. This kind of 
stucco is the one more especially employed when it is 
required to produce details of great delicacy and per- 
fection. If it be required to produce divers tints with 
this material, the colours should be dissolved in the 
size water before it is used for gauging the plaster. 

The polishing should never be commenced until the 
whole of the stucco is perfectly dry. To hasten the 
desiccation a linen may be applied frequently to the 
face to absorb the moisture which may have worked 
through ; but no friction should be allowed until the 
whole is perfectly dry. The surface is then rubbed 
with a very fine-grained grit stone, washing and clean- 
ing it with a sponge in the same manner as a real 
marble; it is then rubbed with a linen containing 
moistened tripoli powder and chalk ; and the whole is 
finished by a rubber of felt imbibed with oil and very 
fine tripoli powder, which is quite at the end changed 
for a rubber containing nothing but oil. The thickne^9 
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of the coat of stucco varies from between one-sixth to 
one-eighth of an inch, for internal works, 

Scagliola is made by a process of a similar nature to 
the one thus executed, with perhaps some slight differ- 
ences in the manner of setting up and drying the coat 
of plastering which forms its base. There are a greater 
number of small pieces, splinters, "scagliole*' of marble 
in the best descriptions of this work, and it is from 
them that the process derives its name. 

MM. Darcet and Thenard applied to the interior of 
the dome of the Pantheon in Paris an encaustic, for the 
purpose of rendering the stone fit to receive the paint- 
ings executed by M. Gros, which answered remarkably 
well for the plaster under similar circumstances. The 
surfaces to be covered were firstly dried by large bra- 
ziers for the purpose of driving out the moisture in the 
stone, and removing all the air contained in the parts 
exposed to the heat, so that the stone might be ren- 
dered more absorbent, and that the encaustic might 
penetrate further into it. A mixture of 1 part of yellow 
wax, and 3 parts of oil, in which -j^th of the whole 
weight of litharge had been mixed before melting, was 
then applied at a temperature of 212^ Fahr. It was 
laid on with a brush, in frequent coats, until in fact the 
stone was so thoroughly impregnated with it that it 
could absorb no more. The pictures above-mentioned 
have resisted very well for more than twenty years in 
an exposed position. 

Should the above mixture be too expensive, another, 
consisting of 1 part of oil, containing -y^oth of its weight 
of litharge, and of 2 or 3 parts of rosin, may be substi- 
tuted. This mixture should be allowed to cool, and be 
remelted before it is applied ; the walls being previously 
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well dried^ and the encaustic laid on in five or six coats. 
Plastering which has been thus treated becomes suffi- 
ciently hard to resist the nail in a very short time ; and 
it is effectually protected against any changes of the 
atmosphere. The action of these oleaginous substances 
is merely to fill the pores of the plaster, and thus to 
prevent the action of the moisture. They do not appear 
to enter into any chemical combination. 



CHAPTER XIV. 

ON THE SALTPETREINO OF LIMES, CEMENTS, 

AND PLASTERS. 

A VERY interesting — and at present, unfortunately, a 
very little understood — class of phenomena takes place 
when the materials we have considered are exposed to 
certain conditions. We find that in damp positions, in 
new works, walls are often covered with a crystalline 
substance of a white fleecy appearance, and of a slightly 
acid flavour, which works its way through any ordinary 
coat of paint; and, as it absorbs the humidity of the 
atmosphere in efflorescing, it renders the walls damp on 
the surface, and carries off the paint in large patches. 
This process is called by workmen saltpetreing, and is 
in fact the production of saltpetre from the materials 
employed in the construction of the walls. The very 
disagreeable effect it produces upon decorations, either 
internal or external, renders the research of its cause 
extremely interesting to the architect or the builder; 
moreover, its action upon the durability of stone is 
such, that the study of this singular chemical pheno-> 
menon interests the engineer to an equal extent. 



MORTARS; STUCCOS; AND CONCRKTES. 113 

Saltpetre is, properly speaking, a nitrate of potassa; 
but, although it is regarded as the sole cause of the ap- 
pearances we now examine, it is far from being the 
only substance produced in the particular instances; 
for the nitrate of soda and the chloride of potassium 
are often to be met with in connection with the saltpetre 
itself. 

Very few chemists appear to pay attention to the fact 
that nearly all limestones contain a certain quantity of 
soda and potassa ; or at least in the analyses we meet 
with in chemical works no mention is made of their 
presence. General Treussart was, perhaps, the first to 
publish any hint upon the subject, when he stated that 
the artificial cements differed from those obtained from 
the septaria nodules, inasmuch as the latter contained 
a small dose of one or the other of those metallic oxides. 
But his discovery appears to have led no further than 
to securing a better method of making the articles he 
sought, and its influence upon the solution of the ques- 
tion before us was quite neglected. 

The ancient chemists believed that the production of 
the saltpetre was to be explained by the combination 
of the nitrogen present in the walls (arising from a pre- 
vious combination of the oxygen of the atmosphere 
with the azote supplied by the decomposition of the 
animal matters contained in the building materials) 
with the metallic oxides they might contain. This 
theory remained unquestioned until M. Longchamp 
proposed another by which he sought the explanation 
of the phenomenon of the production of the nitrogen, 
by supposing that the carbonates of lime and of mag- 
nesia, taken in a proper degree of comminution, and 
properly wetted, could absorb air, condense it, and 
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transform it into nitric acid in the course of time ; oi 
rather bring it to that state, after condensation, which 
would cause it to enter into combination with the lime 
and magnesia, giving rise to the formation of the nitrates 
of those two substances, and so much the more readily 
enable it to combine with the potassium, especially if 
it were present in the form of a carbonate. 

Under all circumstances, the presence of powerful 
bases, such as the chalk and magnesia, or the potas- 
sium, appears to be necessary, and they require to be 
in a highly comminuted state. Lime in the form of 
chalk, or a highly porous limestone, is favourable to 
the action of the nitrogen. Marbles, and the densest 
class of limestones, nitrify with great difficulty, hardly 
at all; and the limes made from them enjoy a corre- 
sponding immunity from this inconvenience. Thouve- 
nel appears to believe that these bases only nitrify when 
in the state of carbonates ; but the extraordinary facility 
with which the sulphates of lime give rise to the forma- 
tion of the saltpetre is not of a nature to persuade us 
of the universality of the law. And, indeed, there are 
some cases to be noticed hereafter, in which it would 
appear that, so far from its being necessary that the 
lime be a carbonate, the nitrification ceases when it be- 
comes so in an eminent degree, or is at least much 
retarded. 

Whichever theory we adopt to account for the pre- 
sence of the nitrogen, there appear to be certain con- 
ditions which facilitate the production of the saltpetre. 
Firstly, a degree of humidity, about equal to that of 
garden earth, is very favourable " to it. At 32° of Fah- 
renheit, the nitrification does not take place; between 
60° and 70® it is the most abundant. In Sweden, light 



MORTARS^ STUCCOS^ AND CONCRET£B. 113 

is considered rather to retard it, and an exposition to«- 
wards the north is always sought for; but that does 
not appear so much to be owing to the absence of 
strong sunshine, as to the evaporating effects of the 
north winds, which are eagerly desired in the artificial 
nitre factories. Light, in fact, would rather appear to 
be without influence in its action than otherwise. The 
most favourable conditions for the formation of the nitre, 
indeed, are united in cellars, and other underground 
constructions ; and it was from them that the French 
chemists, during the war, extracted the saltpetre neces- 
sary for their gunpowder manufactures ; especially from 
the demolition of cellars executed with plaster instead 
of mortar. The richest of these materials contain some 
times as much as from 5 to 7 per cent, of saltpetre. 

The nitrification takes place very freely when sea 
water and sea sand have been used, so much as to 
render them totally unfit for works requiring any per- 
fection of execution. Dumas asserts that there is a 
very considerable quantity of nitre in the sea salt ; if 
so, it may explain the injurious action of the sea water. 
Brande, it is true, does not mention nitre as being pre- 
sent in the sea salt; but he states that the earthy 
muriates are so in the proportions of between 5 and 28 
per thousand, the sulphates between 6 and 32^ per 
thousand. The efflorescence upon works executed with 
sea water is, however, very distinctly and decidedly a 
nitrate of soda; and, as it occurs in much greater 
abundance wherever it is used, notwithstanding Brande's 
silence, we may safely assume, that some portion at 
least of the nitre is furnished by it. 

It seems hardly reasonable, in fact, to attribute the 
presence of the nitre entirely to the decomposition oi 
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the animal matters contained in the building materials. 
These in many cases are submitted at times to such a 
degree of heat as would arrest the process of decom- 
position ; but, in the case of bricks, we find the nitrifi- 
cation to take place almost immediately upon their 
being exposed to the air. It is difficult, also, to explain 
in this manner the constant formation of new crystals 
of the nitrate of potassa, which goes on in the caves of 
Ceylon, and of La Roche Guyon, in France. In the 
artificial nitre works, it is true that the nitre is obtained 
by mixing calcareous earths with decaying animal matter; 
but the latter requires to be present in such large pro- 
portions, that we hesitate before we can receive it as 
being the only source from whence the materials used 
in building derive the quantities necessary. We are 
forced to seek the explanation of the phenomenon in 
the action of the chemical bases upon the constituent 
elements of the atmosphere. It is known, says Dumas, 
that the azote and the oxygen combine together under 
the form of nitric acid, by the aid of the electric fluid, 
and under the influence of water. The presence of 
such energetic bases as lime and magnesia may, per- 
haps, be equivalent to that of the electricity ; especially 
as the porosity of the materials enables them to act 
upon smaller quantities at a time. 

The practical bearings of this interesting chemical 
question, upon the professions of the engineer and 
architect, are as follows : — 

Firstly. Sea water, or sea sand, should never be used 
in making up mortar, or plaster, which is likely to re- 
quire painting, or any sort of decoration, such as paper- 
ing, stuccoing, &c. For outside works, the use of sea 
sand which has been well washed in fresh water^ and 
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exposed for at least six months, may be admitted, but 
it is still likely to cause a nitrification ; and as the con- 
ditions of temperature internally are more favourable 
to that action than externally, it is most likely to mani- 
fest itself in that direction. There is always a danger 
attending the use of sea sand ; if it can be replaced, it 
should therefore be so, even at an increased expense. 

For such works as sea walls, lock chambers, quay 
walls, &c., it is not of so much importance that the 
nitrification be avoided, provided always that the stones 
used be of such a nature as to resist the destructive 
tendency of the process. Many of the oolites are not 
so able to resist, such as the Portland stone, the Caen, 
and the Bath stone. They should not, then, either be 
used in conjunction with mortar made with either sea 
sand or sea water ; nor should they, in any case, be 
exposed to the latter. The purer crystalline lime- 
stones, and the granites, resist this cause of chemical 
decomposition much better, and should be employed in 
such positions in preference. It is, however, to be ob- 
served that there are some kinds of oolite, such as the 
Ranville stone, near Caen, the Roach beds of the Port- 
land, which are as little aifected by the sea water as the 
stones just mentioned. 

Secondly. When it is absolutely necessary to use 
such materials as we know to be exposed to the incon- 
venience of nitrification, it is advisable to take early 
precautions with the view of preventing the action of 
the atmosphere upon the chemical ingredients. We 
see that in whatever manner the bases absorb the nitro- 
gen, whether from the decomposition of the animal 
matter, or from the condensation of the gases, that the 
absorption could not take place unless the atmosphere 
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were in contact with the internal structure. If, then, 
we protect the interior in some manner by a coat of 
paint, or an encaustic, for instance, we shall probably 
stop the action of the nitrification. It is thus, doubt- 
lessly, that we may account for the fact that if the 
Roman cement be painted as soon as it is dry, it does 
not assume the action in question ; but if it be left for 
any length of time unpainted, it becomes useless to 
attempt to execute such work. The atmosphere has 
entered the pores of the cement ; the nitrates will cause 
any coat of paint to fall oflF. 

Such a precaution can, however, only be successful 
when the body of the work is not of a nature to furnish 
its own nitrogen, if such an expression be allowable ; or 
when it is in such positions, and of such dimensions, as 
not to derive it from any other quarter. If, for instance, 
a wall be built of bricks made from the alluvial mud of 
the embouchures of rivers, no precautions can prevent 
the saltpetre from forming. Engineers or architects, 
then, who have any decorative works to execute in 
places where such materials only are used, must detach 
them from the walls. If the wall be thin and the coat 
of encaustic penetrate very deeply into the plastering, 
it may happen that the saltpetreing may take place 
entirely on the outside ; but this is a mere chance, that 
is to say, it is an action we can neither explain nor 
control ; one, therefore, no prudent man would calculate 
upon. In very thick walls we often find that the salt- 
petreing does not take place on both sides, only on the 
weather (or exposed) side. Possibly this may be ex- 
plained by supposing that the limes in the interior 
have had time to become more perfect carbonates be- 
fore the air can have found its v/ay through the pores, 
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But if the process once begin with such thick walls it 
never leaves oflf, at least within any reasonable time. 

The workmen in London have a practice which may 
some day serve as a guide to more scientific examina- 
tions upon the subject. It consists, whenever they use 
Portland stone in elevation, in covering it with a wash 
made of pounded stone-dust and sand, which is rubbed 
oflF upon cleaning down the work. This very simple 
precaution serves temporarily to protect the stone 
against the formation of the saltpetre, but it is to be 
observed that the precaution alluded to is not eflfectual 
to stop the process of the saltpetreing, otherwise than 
temporarily, although it diminishes its force afterwards. 
The process is resumed, but in a weaker degree, as 
soon as the coating is removed. The most reasonable 
mode of accounting for the action of this wash is by 
supposing that it affords a protection to the stone, by 
closing up its pores, during the time it is passing from 
the state of a subcarbonate to a perfect carbonate of 
lime, or from a protocarbonate to a percarbonate ; for 
a very distinct change takes place in the chemical nature 
of limestones of every description upon exposure. 

These precautions are unfortunately very doubtful in 
their results ; at every moment we are exposed to see 
the materials which contain soda and potassa take up 
the action of saltpetreing. Many noble frescos have 
perished in this manner ; many of the finest buildings 
have been ruined by the decomposition it superinduces 
in the stones of which they are built. The study of the 
mode of its action becomes therefore highly important ; 
but it is to be feared that it will continue to be treated with 
the neglect which has hitherto been the lot of the whole 
science of chemistry applied to the arts of building. 
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It happens, unfortunately, that very few architects oi 
engineers are chemists ; few chemists are aware of the 
nature of the questions it concerns us so deeply to have 
solved. M. Kuhlman's researches upon the subject 
immediately before us — ^viz., the nitrification of building 
materials — are, it is true, of the greatest interest, and 
have done much to elucidate the more obscure parts of its 
theory; but neither he, nor the various French or German 
chemists, nor our own countrymen who have lately 
devoted so much time and attention to the phenomena 
connected with the use of lime, have succeeded in over- 
coming the practical difficulties which are superinduced 
by the nitrification. Subsequently to the Exhibition of 
1851, the whole of this branch of applied chemistry has 
been brought more distinctly under the notice of the 
scientific world ; and it is to be hoped that shortly the 
obscurity in which it is still involved will be dispelled. 
In the meantime, however, professional men, architects, 
and engineers would do well to study for themselves, 
with more attention than it is to be feared they usually 
do, the practical applications of the important materials 
to which it has thus been attempted to call attention. 

GEORGE R. BURNELL 
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In England, where the "rule of thumb" prevails so extensively, 
it is the general practice to receive the blue lias lime as a good 
and a satisfactory hydraulic lime in all cases, and without any 
regard to the positions in the series that the beds of that formation 
may occupy. It is, however, necessary to remark, that every bed 
of the blue lias limestone contains a different proportion of the 
silicate of alumina, in combination with the carbonate of lime ; 
and that, therefore, the powers of setting under water must be 
very different in the limes obtained from them. Even at the base 
of tne Liasic series, the differences that occur are as great as between 
about 8 per cent, of the silicate of alumina and 90 per cent, of car- 
bonate of lime, and 64 per cent, of the former ingredient to 34 per 
cent, of the latter. The first of these would yield only a moderately 
hydraulic lime ; the latter would yield, on the contrary, a most 
energetic cement, if burnt and ground. The peculiar properties oi 
the blue lias limes have been established upon the results that have 
followed the conversion of the middle beds of the series, which con- 
tain from 16 to 20 per cent, of the silicate of alumina. It would 
be, of course, easy to distinguish the best qualities of blue lias 
lime, as in fact it is easy to predicate the nature of any description 
of that material. Thus the lumps of burnt limestone should bo 
rather large, and they should present on all sides a conchoidal 
fracture; the lime snould swell but little in slacking, and it 
should not give out much heat, nor yield to the effect of tne water 
before about two to five minutes. A lime of this description 
requires to be slacked before being mixed with the sand, for use 
in a building ; but as the London builders have a fancy for tho 
employment of lime " hot,*' as they call it, it is safer to employ the 
blue has lime, after being grouncf. The best descriptions of blue 
lias lime that enter into the consumption of the London market, are 
obtained from Warwickshire, Leicestershire, Dorsetshire, the 
neighbourhood of Bath, Aberdare, Hugby, &c. ; but they are nil 
of uiem of very variable composition, and they require to be used 
with great precaution ; at least until the precise nature of the 
beds has been ascertained. 
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Since this book was written time lias enabled experience 
ro pronounce upon many of the processes and the materials 
that are employed in the preparation of limes and cements; 
and amongst these it has decidedly settled the question as 
to the superior qualities of the Portland cement, both as regards 
durability and as to the powers of resistance that it may 
attain in comparison with the natural cements, or the best 
hydraulic limes. There have not been introduced^ in the pro- 
cess of preparing the Portland cement, any modifications; or 
have the rules observed with regard to the burning of the 
mixture of the chalk and clay, of which the cement is composed, 
been in any way altered, excepting, of course, some trifling 
modifications which have borne upon the working details of 
the fabrication. The use of the cement has, however, spread 
greatly ; it is employed in enormous quantities, both for hydraulic 
works and for those that are not exposed to the peculiar 
danger that attends the use of the cements, or artificial hydraulic 
limes, in sea or ordinary river water; it is employed, in fact, 
wherever the conditions of the buildins^s are sucn as to require 
great powers of resistance to external forces ; and in all tnese 
cases it has been found to be far superior to the natural materials 
of the same class ; so much so, in fact, as to have entirely superseded 
their use, wherever the freight, or the conditions under which the 
natural cement stones or hydraulic limes occur, allow anything like 
an equality of price. It tnerefore appears to be necessary to enter 
more into the theory and practice of the manufacture of the Port- 
land cement than had previously been done in the earlier editions 
of thb work. 

The Portland cement, as manufactured in the neighbourhood of 
London, is made by a mixture of the chalk and clay of the alluvial 
formations of the lower parts of the Thames ana Medway ; the 
chalk being derived from the upper members of that formation, oi 
from the chalk with flints, and the mud being principally derived 
from the deposition of the tidal waters that have swept along the 
shores that are bounded by the chalk cliffs. These ingredients are 
ground with a great quantity of water under edge rollers, and 
they escape through species of sieves in the requisite proportions, 
to flow on into large cacks or reservoirs, where they part with a 
great proportion of the water used for their levigation. Of course 
there can be little certainty as to the proportions of the chalk and 
clay that are thus mixed, as they may, both of them, vary much 
in their chemical composition ; but as a general rule tiie manu- 
facturers endeavour to secure a mixture in which the carbonate of 
lime should be present in about the proportions of 60 per cent, of 
the whole mass, the silicate of alumina in the proportion of 34 per 
cent., and the rest would be composed of various ingredients that 
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ftre found in the alluvial mud. After the mixture has been allowed 
to settle in the backs, it is dug out in the plastic state^ and is then 
submitted to a species of dessication ; it is put into the kilns in the 
state of a hard paste, and is there subject to a great heat, such as is 
capable of producing a nyrogenic compound of the silicate of alumina 
and lime. As was saia in the text, great care is required in the 
management of the kilns, in order to secure, as nearly as possible, 
an equal degree of calcination in all the materials that enter into 
the charge ; but the principle that the manufacturers aim at in 
this operation, is to giye, as much as possible, a uniform degree of 
heat to every particle of the mixture, as they are thus enabled to 
calculate upon the setting qualities and the various physical con- 
ditions of the cements. There are three qualities that frequently 
characterise the products of a kiln — the under burnt, the properly 
burnt, and the over burnt ; and it is upon the judicious mixture of 
these that the success of the operation of the burning must depend. 
The Portland cement is Ground under millstones, placed so as 
to revolve horizontally, and it escapes from these stones through a 
sieve, to be spread out on a floor, where a species of cooling and 
of air slacking is allowed to take place, which is found to be very 
beneficial to the future stability of the works into the composition 
of which the cement enters. The specific gravity of the Tortland 
cement, ground in this manner, may be taken at about 1*200, 
water being 1<XX), and it is believed that this weight is a favourable 
condition; in fact, the consumers of Portland cement seek this 
quality of weight to such an extent that an ingenious system of 
iraud, which consists of mixing that article with the slag of the 
iron works, has lately been practised to a considerable extent. 

The cement, after being ground, is passed through a sieve that 
has 46 holes to the square inch, and is packed in caslcs which are 
kept carefully water-tight. The usual conditions of setting that 
are imposed by hydraulic engineers are, that when gauged neat — 
that is, without the mixture of any sand — ^the cement shall set, in 
the open air, within the space of not less than two hours, so that 
it should be able to support the weight of a Vicat*s needle, loaded 
with the weight of 3} lbs. : the cement that sets in less time than 
the above is rejected in all cases where the engineers attach 
importance to the quality of this material. Blocks of the cement 
mixed with sand, in the proportion of 6 of cement to 10 of sharp 
sea sand, carefully sifted, are prepared for trial by the authorities 
of the Cherbourg breakwater, and they are immersed in sea water 
that is kept cool, and is renewed every day for the space of 120 
hours ^ the size of the blocks is made 8 inches long, by 4 inches 
wide, by 1^ of an inch in thickness, and two nicks, or depres- 
sions, forming collars, are made in the middle of the blocks, which 

reduce the section of them to the square of 1-^ inch on a side ; 
the test weight, that is rigorously enforced for these blocks, ia 
66 lbs. per inch superficial of the sectional area, or about 144 lbs. 
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on the total sirface. The Metropolitan Board of Works, howevefj 
impose the resistance of 600 lbs. on the 1^ square inch seren days 
after being made in an iron mould ; but in this case the neck is 
cast, not cut out, and the blocks are immersed in soft, not in salt, 
water. Both of these conditions seem to be necessary for securing 
the best qualities of Portland cement. 

Of course the attainment of these conditions involves a great 
deal of expense, and there cannot be a doubt but that great 
economy would result from the use of a natural material that 
would present the same composition as the chalk and clay, that 
are mixed with so much labour, and dried at so great an outlay. 
The attention of manufacturers has long been turned to this point, 
and the makers of blue lias lime have^ amongst others, tried to 
introduce the method of burning that lime to a high point, and 
mixing it with the burnt day associated with the limestone in the 
same formation. But there appear to be difficulties attending the 
composition of this mixture that entail great risks in the use of 
the resulting material ; and the mixture of chalk and clay, before 
burning, has been found hitherto to be the most adapted to secure 
the degree of hardness, the weight, and the time of setting required. 
So that the blue lias cements, the Boulogne cements, &c, have 
generally failed to satisfy the requirements of hydraulic engineers ; 
though they may answer toleraoly well for the ordinary processes 
of building. The same thing may, it is believed by the author, be 
asserted with respect to the cement made by Colonel Scott^ of the 
Royal Engineers, that seems to be well adapted to obtaming a 
cheap substitute for Portland cement, provided the peculiar 
hydraulic properties of the latter are not called into pla^ ; but 
which would in all probability fail, if exposed to the continuous 
action of moisture^ especially when charged with the salts of the 
ocean. 

The Scott's cement is made, in fact, by exposing the fresh burnt 
lime, heated to redness, to the fumes of sulphur that is burnt in 
pots under the grate. In this manner a description of sub-sulphate 
of lime is formed, that has the properties of setting with great 
rapidity and hardness, but which the author believes wouM be 
found to yield to the effects of the chlorides that are contained in 
the sea watei^ if not also to the long continued action of the 
causes of decay in the cement if used in open air. Scott's 
cement appears to be an admirable material for the execution 
of brickwork that is to be protected from the damp by a coat- 
ing of cement, or for the execution of the internal rendering 
coats of buildings, that require to be quickly dry; but there 
is little about the process of making these cements that should 
warrant the belief that they can acquire any hydraulic pro- 
perties bj it; on the contrarjr, the formation of the sulpnate 
of lime IS a permanent source of danger to the stability of the 
resulting compounds when they are required to set under soa 
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crater, as we have had occasion to remark with respect to the 
artificial cements that were used at La Kochelle, and other places 
on the French coast. Colonel Scott's process contributes, at any 
rate, to tiie rapidity of setting, and to the hardness of the mode- 
rately hydraulic limes. It is questionable whether it would 
produce a great effect upon the more energetic materials of that 
class ; and it would certainlj do harm if applied to the calcination 
of the natural or the artificial cements, ouch as it is, however. 
Colonel Scott has the merit of having placed at the command of 
the builder a valuable process for improving the ordinary limes of 
the country, for all the purposes of internal decoration, or for the 
execution of works that are usually performed in limes of the 

J qualities that are known under the names of chalk or of grey-stone 
imes. The use of Scott's cement for the purpose of making 
concrete will be noticed hereafter more in detail, when the appli- 
cations of that material, which has been sadly neglected of late, 
are considered. 
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The peculiar properties of the scori® of iron forges seem to 
have inspired tne manufacturers of that metal with the idea 
that they mi^ht derive a profit from this refuse of their manu- 
facture, by its application to the preparation of cements and 
hydraulic Umes for concrete, or for the execution of the rubble 
masonry inserted under the foundations of public buildings. At 
least, attempts have been made lately to introduce the scori» of 
iron furnaces and of the puddling mills, with the view either of 
increasing the resistance of the limes and cements, or of increasing 
their weighty in case thej shoidd not be of the precise character 
that is required of the limes in question in this respect. But it 
appears that, in all the cases hitherto tried, the scoriae contain 
the silicate of alumina, and the iron, in the form that might be 
converted into the mixture of the lime and sand, in an entirely 
inert state; and thus, that their presence does but add to the 
difficulty that attends the setting of the limes and cements with 
which uiey are associated, by interposing a fresh substance that 
would hinder the completion of the induration. Perhaps the 
introduction of this substance, which must be heavj in the ground 
state, mav be of service in cases where it is desired to increase 
the weight of the cement or lime used; but this can be only 
by reason of the mechanical mixture of an ingredient that would 
itself be quite indifferent to the processes goiujgp on around it, and 
it cannot add anything to the qualities of the other materials 
to which it is present^. The same remark may be extended to 

K 
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the whole class of the so-called metallic cements; they contain, 
in fact, those materials that might be of service, generallj speak- 
iSgf in that state that renders them unfit for entering into fresh 
combinations, especially when they are derived from processes of 
manufacture that require tJie intervention of great neat. The 
effect of this heat seems to be to render the combinations of the 
alumina, potass^ iron. &c., stable, and such as cannot be broken up 
for the formation ox new compounds with the lime with which 
they are associated. 
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There has been a considerable amount of interest attached of 
late to the attempts made by M. Ooignet to introduce what 
he calls the yian aaglomerSy and by Colonel Scott, of the Koyal 
Engineers, to introduce ike use of concrete made oy his cements 
and shingle, for the purposes of building ; and the results that 
these two gentlemen have attained are sufficiently remarkable to 
merit our attention on the present occasion. Colonel Scott has 
executed in this manner the shells of buildings that are formed of 
a waggon-head shape, and that are fourteen feet at least in their 
dear span, and he used for the purpose a mixture of one part of 
his cement to ten parts of sand ; the walls that had to carry the 
roof, that was made in the same material, being only nine inches 
thick. M. Coignet has executed many thousand francs' worth of 
work in the b^Um agglomerS in the sewers of Paris ; he has built 
entirely in that material the church of Vesniet, near Paris^ and he 
has applied it to the execution ef railway and common bridges of 
fifty feet span, at least ; so that it can no longer be considered that 
the experiment is upon trial. In fact, the results that have been 
attained at the Dover, Aldemey, Cherbourg, Marseilles, Algiers, 
&c., works, had long since proved that concrete was susceptible 
of being used in builcung operations like any ordinary stone, and all 
that M. Cui^et has done m this case has been to aemonstrate the 
fact in a striking manner. 

The difference between M. Coignet*s system and Colonel Scott's, 
consists in the former gentleman employing every description of 
lime in the preparation of the hStony which he takes every pre- 
caution to have slacked with Just the proper quantity of water to 
ensure the hydration of the lime, and then carefully to triturate 
the mass, ana to compress the ingredients in moulds by a system of 
ramming. The best materials that are thus j>rbduced are com- 
posed of a mixture of the slow-setting artificial cements, with a 
good hydraulic lime and a proper proportion of sand ; and great 
utill is required in so apportioning the lime and cement, that the 
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powers of the resulting mass should present everTwHere the same 
powers of resistance to the weights or forces they may have to 
resist Of course, there can be no difficulty in varymg the propor- 
tions of the lime and cement to produce this result, though 
M.Coignet neglected this precaution in the building of Vesniet 
church ; nor can there be any difficulty in observing the precau- 
tions that are required to provide for tne contraction and expansion 
of the masonry in a monolithic bridge, such as that gentlemjin has 
executed. Well and judiciously used, there can be no reason why 
Coignet's agglomerated b^to9i should not be employed for the 
execution of ordinary descriptions of masonry ; or, mdeed, why 
that description of works should not be performed with any 
description of common b^on (using that word in the sense of a 
mixture of lime, sand, and shingle) ranmied in a mould. 

The same thing may be said of Colonel Scott^s concrete, and, 
indeed, of any other description of that material ; but it seems to 
be better in all cases to mix the lime or cement with sand first, to 
bring it into the state of mortar, and tiien to present to it the 
materials round which it is intended to crystallise. Colonel Scott 
has, however, had sufficient influence with the War Office to per- 
suade them to make an application on a large scale of this concrete, 
made in the usual manner, to the huts and stables of the camp at 
Aldershot, hitherto with markedly successful results, both with 
regard to the durability and the economy of the constructions to 
which this system is applied. The theory is, that a masonry so 
prepared, being a rough rubble masonry without any bond, ought 
to be executed of the thickness of one-third more than ordinary 
IbriclnNTork ; but this must in all cases be regulated by the weight 
that is brought upon the bearing section, ana the weights given in 
the text, page 71, ought in no instance to be exceeded, in the early 
days of tne experiment at any rate. The failure of Mr. Banger, 
and of many others, in their attempts to employ concrete as a 
materia] of construction, can, therefore, only be considered as 
proving that they did not imderstand the theory of limes j yet the 
College t>f Surgeons, and the shops in Pall Mall, that Mr. Banger 
executed, stand to this day as a proof that, when well prepared^ 
the concrete made in ordinary style is capable of supporting the 
action of the London atmosphere successfully. Concrete might be 
very advantageously employed in the bacmng of quay or river 
wails, or in the execution of rubble masonry for the purposes that 
Colonel Scott has applied his cement to. The quay walls of Havre 
are, in fact, backed with a kind of masonry of this description ; 
and a remarkably large and successful instance of the use of concrete, 
made in part with Portland cement, exists in the facings and hoik' 
ings of the basins of the Victoria Docks, London, executed under the 
directions of Mr. G. P. Bidder, C.E. The different descriptions of 
limes and cements used in England would, no doubt, require to be 
treated in a different manner than they are usually done, in ordei 
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to secure the equality of their setting ; but it is precisely to th« 
attainment of this condition that the efforts of the people em- 
plojdng those materials ought to be directed. Well selected blue 
lias lime, or grey-stone ume, mixed with pounded brick dust, 
would do as well for the execution of concrete, for the ordinary 
conditions of exposure to the weather, as even the cements of 
Colonel Scott, or any other manufacturer. For exposure in sea 
water there appear to be some causes at work that would render 
necessary the employment of Portland or Boman cement; but 
even in this case tne success of the application of the concrete 
blocks at Dover Harbour and the Gheroourg breakwater, shows 
that the resources which that material offers to engineers and 
architects are neglected, either in consequence of ignorance 
of the theory of limes, or of want of boldness in trying experi- 
ments on thepart of the professional men, more than in consequence 
of the nature of the material. The admirable manner in whidi 
the works of concrete executed by Roman and mediseval archi- 
tects have stood the effects of time, must always excite our 
surprise that the use of that material should have been so long 
neglected, and the building arts deprived of the advantages it 
offers for the execution of monolithic structures, or those made 
by the agglomeration of small materials. 

' There has been a neat deal of attention also called of late to 
the invention of Mr. Ransome, which was noticed in the original 
edition of this work, and which has subsequently received con- 
siderable improvements at his hands. This invention consists, 
as most persons interested in these matters are aware, of a mixture 
of the silicate of soda with sand, so as to produce a material 
susceptible of beii^ moulded, which is then immersed in a bath of 
the cnloride of calcium, and subsequently washed thoroughly, so 
as to remove the salts that would effloresce upon the surface of the 
material. The theory upon which this process is based is perfect, 
and the double decomposition of the silicate of soda and the 
chloride of calcium, is such as must produce the silicate of lime, 
that would act as the cementing material to the saiid, leaving the 
chloride of sodium to be washed off ; but this salt is accompanied 
with other impurities which are eliminated in the process of con- 
vermon, and the greatest care is required to ensure the freedom of 
the mixture from the effects of such foreign ingredients. Mr. 
Ransome has hitherto succeeded in effectually destroying the 
appearance of the salt ; but the danger of the manufacture from 
this cause will always attend it, and thus render it a process that 
will be entirely a matter of confidence between the employer and 
the manufacturer. In Mr. Ransome's hands, or in those of the 
people that he may bring up, there can be little ground for hesi- 
tation in the use of this material for all the purposes of internal 
decoration, or even for external decoration in cases where the salt 
has been effectually withdrawn ; in careless hands there must bo 
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eonsiderable danger of the efflorescence of salts^ which may com- 
promise the painted decoration that nmy be apphed to the materia] 
80 produced. As the colour of the mixture can be regulated to 
any tone by the intervention of the metallic oxides, there is, 
perhaps, little danger to be feared from this source; but there 
would always remain a considerable amount of doubt as to the 
application of the patent concrete stone, on the score of the dis- 
agreeable effects produced by the efflorescence of the salts. The 
bath of the chloriae of calcium, in which the mixture of sand and 
silicate of soda is immersed, it may be important to add, is kept 
at a point of ebullition by means of the passage of a steam-pipe 
through it; the washing out the salt is effected by a stream of 
cold water; the mixture of the silicate of soda and the sand is 
effected by the use of a pug-mill. 
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The kind of rendering that is so much used in India imder the 
name of Chunanij appears to merit a passing notice on the present 
occasion. There are some principles brought into play in the 
setting of this form of lime that are indirectly connected with the 
action of the oleaginous cements, so that it may be as well to dwell 
upon them. 

There are several kinds of this chunatn, according to the locality 
where it is employed, and to the uses to which it is proposed to be 
applied. In the interior of the country it is said to be prepared 
most usually from kvnkar nodules — calcareous concretionary 
masses, from the size of a bean to blocks of some hundrecfs 
weight, which are found imbedded »ar«em^ in almost every portion 
of the alluvial soil of the great plains of India. These nodules 
consist mainly of carbonate of lime, mixed with a little clay in 
impalpable powder. This, when burned, is mixed with coarse or 
fine siliceous sand, and tempered thoroughly with water, to which 
most generally (but not always) a coarse Byrup or molasses from 
the native sugar is added in small quantity. The only real use of 
the molasses appears to be to retard the too rapid drying of the 
fresh laid ehunam in the torrid climate of India. On the sea 
coast shells are burned, and mixed with sand^ which is treated 
in l^e same manner. The practice is to boil with the syrup, 
called locally jaggree^ some description of fruits, but these do not 
appear to have much influence on the setting of the lime ; and 
inmiediately upon application, is added a portion of short tow, if it 
be desired to employ the ehunam as a stucco. The kind that is 
habitually used as a material for rendering walls is obtained by 
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the calcination of the purest limestone, or shells. That is beaten 
up with jaggree^ mixed with water ; and this kind of chunam be- 
comes very hard, so as to bear, in fact, a polish. In the patient 
hands of the Hindoo labourers the use of this material, no doubt, 
produces excellent results; but as the whole process of manufacture 
employed in the preparation of chunam is, m fact, founded upon 
the retardation of the setting and the careful manipulation of the 
material in place, there can be little reason to regard this applica- 
tion as anything more than a local one, that is to be accounted 
for by the want of limestone in mass over great areas, and by the 
low price of labour, in India. 



APPENDIX F. (Page 105.) 

A discovery, by a Mr. Westmacott, has lately formed the object 
of a patent, and it has been taken up by a house in London of 
some consiaerable influence, with a view to augmenting the 
resistance of the rendering coats that are executed in lime, by the 
mixture of pounded limestone with that material, and saod. This 
is, in fact, nothing more than the application of the principle 
mentioned in the text, p. 77, where the tendency of the lime to 
crystallise around a gangue of the same nature as itself, is referred 
to, and the inference is drawn that the presentation of the crys- 
tallised forms of carbonate of lime would be favourable to the 
solidification of the mass " of concretes, hStomy or mortars." It is to 
be observed that Mr. Westmacott mixes with the chalk Ume that he 
employs, considerable quantities of pounded chalk, or of some other 
equally common descnption of stone that has a base of carbonate 
of lime, and thus he ootains a mixture that is capable of setting 
with greater rapidity, and consequently with less chance of dis- 
colouration of the surface; but nere all the advantage of Mr. 
Westmacott's process ceases. The mixture of the pounded lime- 
stone does but add to the strength of the resulting material, inas< 
much as it presents to that body a substance that is already '^ set,^ 
and that is capable of assisting in the process of the conversion of 
tiie hydrate of lime into the carbonate of that base ; but this must 
be at the expense of the power to carry sand, and the whole 
economy of the process must depend upon the relative values of 
*he sand, or of the pounded limestones in the precise localities 
where the materials are employed. The advantage of the process 
is simply that which would follow from the improvement which 
would be effected in the conditions of the crystallisation of the 
lime ; it in nowise alters those conditions, or introduces a new 
principle, of what manner soever. 
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APPENDIX G. (Page 107.^ 

The patents by which Keene^s cement and the Parian cement 
were protected nave lately lapsed by time, and the consequence 
has been that the lime-bumers, bein^ at liberty to apply the 
processes on which they are founded, have been stimulated by 
the competition of the trade to improve the manufacture of one 
of these articles. Hence the manufacture of the Keene'6 
cement, in particular, has been very much advanced, and the use 
of that material now can be safely recommended wherever it 
may be necessary to employ a hard cement, which it would be 
necessary to paint inmiediately after its application. The princi- 
pal objection to the use of this material was, that its liability 
to the ei&orescence of the salts, that threw off the paint and left 
large blotches on the waUs ; this has been remedied by neutral- 
ising the acid with which the sulphate of lime is treated. It does 
not appear that the manufacture of the Parian or Martin's cements 
has been sensibly improved of late, and the use of these plasters, as 
they ought to be called, is tlierefore attended with the same amount 
of risk that they were previously exposed to, which was far less 
than was the case with Keene's cement; yet the improve- 
ment of the latter has enabled that material to be substituted 
very largely for its rivals. There are some curious conditions 
attending the use of Keene's cement with respect to the rendering 
coat that is laid upon the wall, which yet require to be experi- 
mentally settled. It would succeed admirably wherever it is de- 
sired to have a hard and non-absorbent surface for walls, as in the 
case of hospitals, or for skirtings, floors, angle staves, &c., or wher- 
ever it is necessary to paint the surface at once. The specific 
gravity of the Keene's cement is very low, a bushel of it only 
weighing about 70 or 75 lbs. at the utmost ; whereas Portlana 
eement wei&rhs from 100 to 110 lbs. per bushed. 
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AJdenliot, um of Scott's cement for build- 
ing huts, &c., At, 137. 

Alumina, infloeoce of, on the setting of 
hydraulic limes, 23. 

Alumina, silicate of, its importance as a 
constituent of hy(kaulic limes, 19. 

Appendices, 121. 

Arenes described, 55. 

Artificial hydraulic limes, experiments to 
f<am, 16. 

Asphalte described, 90. 

Assyrians, cement used by the, 1, 

Atmoeyhei'e, influence of the, on mortar, 
70. 

Babylonians, cement used by the, 1. 

Basaltic rocks, esmeriments on, 61. 

Bergnoann on hycuaulic limes, 6. 

Berthier's analyses of puzzolancs, 60 1 
analyses of scoria and slags, 63 ; ana- 
lyses <rf cement stones, 80; expeii- 
ments on the composition of hydraulic 
lines, 17 

Berzelius on hydrate of lime, 10. 

Beton gfflomere, Coignet*s, 126 ; work 
executed with, 126. 

Beton, difference between concrete and, 
70, 

Beton used by Vicat for the bridge of 
Souillac, 77, see also Concretes. 

Biiumen described, 90. 

Bituminous cements: asphalte, sources 
of, 90 ; described, 91 ; method of using, 
93; method of using for coating arches, 
93; method of using for pavinff, (Ki; 
mixture of, 91 ; use of, 90 ; cotu tars, 
93 ; method of using coal tars, 93. 

Blue lias lime, variation in the qualitr <tf, 
obtained from different series, 131 ; best, 
where obtained, 131. 

Bricks, cement fr<nn, 56. 

Bulk, increase of the, in slacking limes, 
48 ; loss Ot, in making mortar, 70. 

Calcination ci limestones, process <tf, 26. 
Cements, 78; Utaiiiinous,89 ; from biicks, 



56; failure of ditto, 56 ; experiments 01 
the cause of f itilure, 57 ; effect of the 
mixture of scoria with, 125. 

Cementa— French, 88 ; Keene's, 107, 181 ; 
for mosaic work, 94 ; metallic, value of, 
136; oleaginous, 94; Parian, 107, 131 ; 
Parker's Boman, 79 ; Porthind, 88, 122 ; 
manufacture ot ditto, 43, 133 ; Boman, 
79 ; causes of the failure of Bomaii, 86 ; 
Boman cement stones, 81 ; analyses of 
ditto, 80; calcination of ditto, 81 ; spe- 
cific gravity of ditto, 83; proper use of 
Boman cement, 86 ; resistance of ditto, 
84; time of setting ditto, 83; use of 
ditto, 83; use of ditto, 88; use of ditto 
for foundations, 86; artificial Boman 
87; Scott's, 134; Vicat's classification 
of the materials used for, 64; West- 
macott's, 130. 

Cendree de Toumay, use of, 63. 

Chalk, hydraulic propeiiies communi- 
cated to, by alum, 50. 

Cherbottig, use of Portland cement in 
blocks at, 78. 

Chunam, manufacture o , 129 ; use of in 
India, 130. 

Clinkers, hydraulic properties of, 63. 

Coal, objections to, as fuel for burning 
limestones, 39. 

Coal cinders, analvsis of, 63 ; value of, as 
an ingredient of cement, 63. 

Coigneni b^ton agglomer6, 136; work 
executed with, 126; value of, 127. 

Coke, use of, as fuel for burning lime- 
stones, 29. 

Colour of limestones as a test of quality, 37. 

Concretes : action of water on, 138 ; addi- 
tion of broken limestone to improve the 
qualities of, 77; antiquity of, 73; at- 
tempts to inodnce blocks of, for build- 
ing purposes, 77 ; beton used by Vicat 
fOT the bridge of Sbuillac. 77 * cause of 
its failure as a material of construction, 
137 ; defined, 71 ; difference between 
beton and, 73; excellence of Boman, 
128 ; for sea or river works, 75 ; proper 
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Btate of Uie lime for making, 74 ; quick 
setting, propoitions for, 74 ; resistance 
of, 78 ; uses of. 71 ; usual metliod of 
making, in London, 73. 

Construction of limekilns, 37. 

Cylindrical limekilns, 30. 

De Saussure on hydraulic limes, 6. 
Descotils on hydraulic limes, 6. 
Dover pier, use of blocks of Portland 
cement in constructing, 78. 

Egyptians, use of mortar by the, 2. 
Encaustic, for usinff as a ground for 

painting on stone. 111. 
Etruscans, use of mortar by the, 3. 

FoBsiliferous hmestones, unequal setting 

of, 23. 
Fuel for burning limestones, influence of, 

on the quality of lime produced, 39. 

Geological distribution of limestones, 21. 

Geological formations explained, 20. 

Greeks, use of cement by the, 2. 

Gypsum, sources of, 97 ; described, 98 ; 
calcination of, 99 ; metliod of procuring, 
99 ; preparation of, 101 ; qualities of, 
102; to And the quality of. 111 ; uses 
of, 103; use of, for manure, 106. 

Havre, quay waits of, 127. 

Hydrate of Iim«, characteristics of, 10 ; 
defined, 13 ; properties of, 14 

Hydraulic cements, Smeaton's experi- 
ments on, 4. 

Hydraulic limes, acting constituent of, 6 ; 
Berthier^s metliod of analysing lime- 
stones to ascertain tlieir value as, 24 ; 
endeavours to form artificial, 17 ; ex- 
periments to discover to what consti- 
tuent they owe their power of setting 
in water, 16; geological position of 
limestones for forming, 22: method of 
slacking, 47; increase in bulk by slack- 
ing, 48 ; reworking evils of, 49 ; method 
of slacking in London, 51. 

Hydraulic limes, superiority of natural to 
artificial, 45, 73. 

Hydraulic limes from the ashes of lime- 
kilns, 37. 

Hydraulic limes, artificial, 39; advan* 
tage of using an alkaline solution with, 
44; blue lias cement, 43; inferiority 
of, to natural, 45 ; manufacture of, at 
Mendon, 41 ; methods of prepaiing, 
40; variation in the quality of lias 
lime obtained from different series, 
121 ; Portland cement, manufacture of, 
42 ; proportions for, 41 ; superiority of, 
to puzzolanos, 40. 

Iron, oxide of, its properties as an ingre- 
dient of hydraulic limes, 17. 
Italian method of using stnccoA, 109. 

Keene^s cement, 107; improve.iient of, 
131; weight of per bushel, 131 . 



Kilns, lime, described, 30; arrangement 
of, 81 ; attempts to employ the waste 
heat of, 36 ; rules on the construction 
of, 37; running, objections to, 33; 
manajgement of running, 34 ; with- 
drawing lime ftrom nmning, 84 ; use of 
the ashes of, 36. 

Kuhlmann's experiments on the use of 
alkalies with artificial hydraulic limes, 
44. 

Lille^s, R. de, experiments on ulificial 
cement obtained from bricks, 56. 

Lime, blue lias, variation in the quality 
o', ITl. 

Li j>e, ' arbonate of, 9. 

Lime from oyster shells, 87. 

Lime, hydrate of, its characteristics, 10. 

Lime, hydraulic, acting ingredient of, 6. 

Lime, importance of slacking separately, 
in making mortar, 66 ; loss oi weiglit 
by calcination, 10; method of slacking, 
47, 51 ; pure composition of, 8; sulphate 
of, 97; superiority of that burnt in 
common, to that of running kilns, 35. 

Limekilns described, 30; construction 
of, 37 ; running, 83. 

Limes, absorption of, by water, 52 ; clas- 
sification of, 11; conversion of, into 
mortar, 51. 

Limes, hydraulic, experiments on, 6. 

Limes produced by limestones of \-aiying 
composition, 16. 

Limes, properties of, 14 ; re-caibonisation 
of, 51 ; slacking of, 46 ; object of slack- 
ing, 46; Roman metliod of slacking, 
46 ; metliod of slacking hydraulic, 47 , 
method recommended by Vicat, 47; 
increase in bulk by slacking, 48 ; re- 
working of, 49 ; attempts to explain 
the cause of phenomena connected 
witli the setting of, 49 ; Smeaton^s ex- 
periments on hydraulic, 6. 

Limestone, addition oi broken, to con- 
crete, 77; Berthier's method of ana- 
lysing, 24. 

Limestone, calcination of, 24 ; process of, 
25 ; change of colour during, 27 ; effects 
of being over or under burnt, 28 ; fuel 
for, 29 ; objections to coal fuel, 29 : kilns 
for, SO ; arrangement of kilns, 31 ; heat to 
be obtained, 82; time necessary for, 
32; method of ascertaining, if com- 
pleted, 33 ; running kilns, 33 ; loss of 
weight by, 37 ; dinunution in bulk, 37 ; 
influence of fuel on the quality of lime, 
88. 

Limestone, composition of, 9 : division of, 
9 ; form of table for making observa- 
tions on, 23 ; geological distribution of, 
21 ; geological position of, for hydraolic, 
22; limes produced from, of varying 
composition, 15 ; unequal slacking of 
lime from those containing fossils, 23 ; 
where found, 10. 

Magnesia, experiments to determine th« 
proportion of, in hydraulic limes, 18. 
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Manure, use of piaster for, 105. 

Martinis cements, 181. 

Mastics described, 94; composillon of, 
95 ; Thenard*s, 05 ; Vauban's, 06 ; uses 
of, 04. 

Mendon, manufacture of artificial liy- 
dranlic limes at, 41. 

Mortar, antiquity of, 1 ; resistance of, 71 * 
solidification of, in tlie interior of large 
masses of masonry, 52 ; use cf , by tJie 
Egyptians, 2 ; use of, by Uie Etruscans, 2. 

Mortars, making of, 66; atmospheric 
influence on, 70 ; best proportions for 
puzzolanos, 60; greatest proportion of 
sand for hydraulic limes, 60; hydraulic 
limes should be only mixed in the 
quantities required, 60; importance of 
riacking lime separately. 66 ; influence 
of Uie position in which the mortar is to 
be used on the ingredients, 71 ; loss of 
bulk in the materuJ, during the process 
of making, 70; method of slacking the 
lime, 67 ; proportion of sand, 68 ; pro- 
portion of puzzolanos, 60; proportion 
of water,. 60; quality of water for, 70; 
tables of injp:«dients, for different pur- 
poses, 65. 

Morveau, G. de, on hydraulic limes, 6^ 

Mosaic works, cements for, 04. 

Nitre, presence of, in sea salt, 115. 

Oleaginous cements, 94. 

Oleaginous mastics described, 94 ; com- 
position of, 95; Tlienard's mastic, 95.; 
Vauban's mastic, 96; uses of, 04, 06. 

Oxide of iron, properties of, as an element 
of hydraulic limes, 17. 

Oyster shells, lime from, 87. 

Parian cement, 107, 131. 

Parker's Roman cement, 79. 

Peat ashes, use of, for cement, 63. 

Petot's experiments on the calcination of 
cement stones, 82. 

Pit sand, 54. 

Plaster, use of, for manure, 105. 

Plaster, Keene's cement, 107. 

Plaster, Parian, 107. 

Plastering described, 102; English S}'»> 
tem, 104 ; French system, 103 ; French 
ceilings, 104; French walls, 103, see 
also Situeeot 

Piinirifl, mention of lime and cements by, 
8. 

Portland cement, manufacture of, 42, 122 ; 
specific graTity of, 128 ; tests of the qn»> 
lity of, 123; test of, at Cherbourg, 123; 
test of quality, required by the Metro- 
politan Board of Works, 124 ; value of, 
122; weight of, per bushel, 131; at- 
tempts to form a substitute for, 124; 
use of blocks of, for building purposes, 

78. 

Puzzolanos described, 59; analyses of, 
60; geological position of sands and 
clays for forming, 21 ; superiority of 
artificial hydraulfo limes to, 40. 



Ranger, cause of failure in his use of con- 
crete, 127. 

Ranger's artificial stone, 77. 

Ransome's artificial stone, 128 ; manu- 
facture of, 128. 

Ritersand, 54. 

River and quay walls, use of concrete for 
backing, 127. 

Roman cement, 79; cause of failure of, 
86. 

Roman cement, proper use of, 86; resis- 
tance of, 84 ; time of setting, 84 ; use 
of, 83. 

Roman cement stones, 81; analyses of, 
80; calcination of, 81. 

Roman concrete, excellence of, 128. 

Running limekilns, 83. 

Saltpetre, 163 ; presence in sea salt, 115. 

Saltpetreing of limes, ftc, 112 ; inquiry 
into the cause of, 113 ; result of ditto, 
116; bearing of the result on the em- 
ployment 01 building materials, 116. 

Sand, importance of, as an ingredient of 
mortazB, 53 ; proportion of, mr morfar, 
67; invportion for hydraulic limes, 69 ; 
described, 53; of different rocks, 53 ; 
classes of, 54 ; quality of, 55 ; prepara- 
tion of, 55. 

Scagliola, 111. 

Scorns described, 61 ; analysis of, 62 ; use 
of, for cement, 62 ; effect of the mix- 
ture of with cement,. 125. 

Scott's cement, properties of, 124 ; use of, 
for huts, &c., at Aldershot, 127; value 
of, 125 ; difference between Coignel's 
and Scott's systems, 126. 

Sea salt, presence of nitre in, 115. 

Silica, its influence on the setting of 
hydraulic limes, 22. 

Silicate of alumina, its importance as an 
element of hydraulic limes, 19. 

Slacking limes, 46; increase in bulk by, 
48 s method of slacking hydraulic 
iTiZXt 47; object of, 46; Roman 
metliod, 46; metliod of slacking hy- 
draulic limes in London, 51. 

Slag described, 61 ; analysis of, 62 ; uso 
of, for cement, 62. 

Smeaton*8 experiments on hydraulic 
limes, 4. 

Smeaton's method of slacking hydraulic 
limes, 48. 

Specific gravity of pure lime, 8. 

Stone, artificial, 77, 128. 

Stones, cement, described, 81 ; analysis 
of, 80 ; specific gravity of, 83. 

Stuccos described, 108; colouring, 109; 
Italian method of using, 108 ; polishing, 
110 ; usee of, 107* 

Sulphate of lime, 98; calcination of, 99; 
method (rf procuring, 99; where found, 
97, see also Gypsum, 

Tables ef ingredients of mortars for dif- 
ferent purposes, 65. 
lli^nard's mastic, 95. 
Trass described, 59. 
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Treussart*> experiments on h^'drate of 

lime, 11. 
Trenasart's experimenta on tlie compoei- 

tion of bydraulio limes, 17. 

Treussart^s experiments on the use of 
alkalies with artiflcial hydraulic limes, 
44. 

Treussart on the ehaaffe of colour of 
limestones during burning, 27. 

Yauban^s mastic, 96. 

Vicat, Mton used by, for the bridge )f 
SouiUac, 77 ; claasiflcation of the ma- 
terials used for hydraulic cements, 63 ; 
experiments on the cement obtained 
from bricks, 56; experiments on liy- 
dranlio limes, 7 ; experiments on mag- 
mesia as a constituent of hydraulic 



limes, 18; metltod of slacking l)ydra«> 
lie limes recommended by, 48 ; tables of 
materials for mortars, 65 

Viiigin sand, 54. 

VitruTius, his value as an authority, 8. 

Walls, saltpetreing of, 119 ; inquiry into 
the cause of, 118; result, 116; practical 
bearing of the result on the employ- 
ment m building materiiUs, 116. 

Walls, use of concrete for backing river 
and quay, 127. 

Water, absorption of lime by, 52 ; propor- 
tion of, f w mortar, 60 ; quali^ of, far 
mortar, 70. 

Water limes, see Hydraulic Lout 

Westmacott's cement, ISO. 

Wood as fuel for bumiog limestones, SO. 

Wood cinders, use of. for cement, 48. 



THE END* 
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The Joints Made and Used by Builders. 
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Portland Cement for Users. 

By Hbnry Faija, A.M.Inst.C.E. Third Edition, Corrected . . 2/0 
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Experimental Essays on the Principles' of Construction. By W. Blakd. 
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An Introduction to the Science of Optics. For the Use of Students of Archi- 
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Hints to Toun^ Architects. 

By Gborgb Wightwick, Architect. Sixth Edition, revised and enlarged 
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The Orders and their iEsthetic Principles. By W. H. Leeds. Illustrated. 
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^ The History and Description of the Styles of Architecture of Various 
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%* Orders and Styles op Architecture, in One VoL^ 3/6- 

Architecture— Desigti : 

The Principles of Design in Architecture, as deducible from Nature and 
exemplified in the Works of the Greek and Gothic Architects. By Edw. 

Lacy Garbett, Architect. Illustrated 2/6 
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"Modern Architecture,"/''^* 6/0* 

Perspectiire for Beginners. 

Adapted to Young Students and Amateurs in Architecture, Painting, &c. 
By George Pyne 2/0 

Architectural Modelling in Paper. 

By T. A. Richardson. With Illustrations, engraved by O. Jewitt 1 /6 

Glass Staining, and the Art of Painting on Glass. 

From the German of Dr. Ges5,ert and Emanuel Otto From berg. With 
an Appendix on The Art of Enamelling 2/6 
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Grecian Architecture, 
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INDUSTRIAL AND USEFUL ARTS. 
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^\ A Guide to the Manufacture and Application of Agglutinants. With 900 
Recipes and Formulae. By H. C. Standagb 2/0 

Clocks, Watches, and Bells for Public Purposes. 

A Rudimentary Treatise. By Edmund Beckett, Lord Grimthorpe^ 
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an Appendix on Weathercocks. {Just published. A-IS 

\* The ahove^ kandsomtiy hound^ clptA Boards, 5/6* 

Bleotro-Metallur^, 

Practically Treated. By Alexander Watt. Tenth Edition . 3/6 

The Goldsmith's Handbook. 

Cont^ning full Instructions in the Art of Alloying, Melting, Reducing^. 
Colouring, Collecting and Refining^, Recovery of Waste, Solders, Enamels, 
&c., &c. By George £. Gee. Sixth Edition 3/0 
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On the same plan as the Goldsmith's Handbooic. By G. £. Gee. 3/0 
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The Hall-Marking of Jewellery. 

Comprising an account of all the different Assay Towns of the United 
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French Polishing and Enamelling. 

Numerous Recipes for making Polishes, Varnishes, &c. By R. Bitmbad. 
_ 1/6 

Practical Organ Building. 

By W. E. Dickson, M.A. Second Edition, Revised, with Additions 2/6 

Coach-Building : 

A Practical Treatise. By James W. Bubgbss. With 57 Illustrations 2/6 

The Cabinet-Maker's Guide 

To the Entire Construction of Cabinet-Work. By R. Bitmbad . 2/6 

The Brass Founder's Manual: 

Instructions for Modelling, Pattern Making, &c. By W. Graham . 2/0 

The Sheet-Metal Worker's Guide. 
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Its Construction, History, ftc* By J. W. Urquhart, C.£. . . 2/0 

Gas Fitting: 

A Practical Handbook. By John Black* New Edition . . 2/6 

Construction of Door Locks. 

From the Papers of A. C. Hobbs. Edited by C. Tomlinson, F.R.S. 2/6 

The Model liocomotiire Bngineer, Fireman, and 
Bngine-Boy. 

By Michael Reynolds 3/6 

The Art of Uetter Painting made Basy. 

By J. G. Badenoch. With 12 full-page Engravings of Examples . \ /S 

The Art of Boot and Shoemaking, 

Measurement, Last-fitting, Cutting-out, Closing, &c. By J. 6. Leno. 2/0 

Mechanical Dentistry: 

By Charles Hunter. Fourth Edition . 3/0 

Wood ESngraving: 

A Practical and Easy Introduction to the Art. By W. N. Brown . 1 /6 

liaundry Management. 

A Handbook for Use in Private and Public Laundries . . . 2/0 
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A Pzactical Treatise. By Prof. John Scott. With 6& lUastntions 1 /6 

Irrigation and Water Supply: 

A Practical Treatise on Water Meadows, Sewage Irrigation, Warping, &c. ; 
on the Construction of Wells, Ponds, Reservoirs, &c. By Prof. John 
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iTarm Roads, Fences, and Gates: 

A Practical Treatise on the Roads, Tramways, and Waterways of the 
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Gates, and Stiles. By Prof. John Scott. With 75 Illustrations . 1 /6 

Farm Buildings: 

A Practical Treatise on the Buildings necessary for various kinds <^ Farms, 
their Arrangement and Construction, with Plans and Estimates. By Prof. 
John Scott, With 105 Illustrations 2/0 

Bam Implements and Machines : 

Treating of the Application of Power and Machines used in the Threshing- 
ham, Stockyard, Dairy, &c. By Profl J. Scott. With 123 Illustrations. 

2/0 
Field Implements and Machines : 

With Principles and Details of Construction and Points of Excellence, their 
Management, &c By Prof. John Scott. With 138 Illustrations . 2/0 

JL^icultural Surireyin^: 

A Treatise on Land Surveying, Levelling, and Settine-oiit ; with Direction^ 
for Valuing Estates. By Prof. J. Scott. With 6a Illustrations . "| /g 

Farm Bngineerin^. 

By Professor John Scott. Comprising the ahove Seven Volumes in One, 
1,250 pages, and over 600 Illustrations. Half-bound . . . 12/0 

Outlines of Farm Management. 

Treating of the General Work of the Farm ; Stock ; Contract Work ; 
Labour, &c. By R. Scott Burn 2/6 

Outlines of Iianded Estates Management. 

Treating of the Varieties of Lands, Methods of Farming, Setting-out of 
Farms, Roads, Fences, Gates, Drainage, &c. By R. Scott Burn . 2/6 

BoilSy Manures, and Crops. 

(Vol. I. OuTUNEs OF Modern Farming.) By R. Scott Burn . 2/0 

Farming and Farming Economy. 

(Vol. II. Outlines op Modern Farming.) By R. Scott Burn 3/0 

Stock : Cattle, Sheep, and Horses. 

(Vol. III. Outlines of Modern Farming.) By R. Scott Burn 2/6 

Dairy, Pigs, and Poultry. 

(Vol. IV. Outlines of Modern Farming.) By R. Scott Burn 2/0 

Ut'lization of Sewage, Irrigation, and Reclamation 
of Waste liand. 

(Vol. V. Outlines of Modern Farming.) By R. Scott Burn . 2/6 

Outlines of Modern Farming. 

By R. Scott Burn. Consisting of the above Five Volumes in One, 
2,250 pp., profusely Illustrated, half-botmd 12/0 
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Book-keeping for Farmers and Bstate Ovners. 

a Practical Treatise, presenting, in Three Plans, a syitem adapted for all 
classes of Farms. By J. M. Woodman. Fourth Edition . . 2/6 



Ready Reckoner for the Admeasurement of Uand. 

By A. Arman. Revised and extended by C. Norris. Fifth Edition 2/0 

Miller*s» Corn Merchant's, and Farmer's Ready 
Reckoner. 

Second Edition, revised, with a Price List of Modern Flour Mill Machinery, 
by W. S. HuTTON, C.E 2/0 

The Hay and Straw Measurer. 

New Tables for the Use of Auctioneers, Valuers, Farmers, Hay aad Straw 
Dealers, &c. By John Stselb 2/0 

Meat Production. 

A Manual for Producers, Distributors, and Consumers of Butchers* Meat. 
By John Ewart 2/6 

Sheep : 

The History, Structure, Economy, and Diseases of. By W. C. Spoonbk, 
M.R.V.S. Fifth Edition, with fine Engrayingt .... 3/6 

Market and Kitchen Gardening. 

By C. W. Shaw, late Editor of " Gardening Illustrated" . . 3/6 

Kitchen Gardening Made Basy. 

Showing the best means of Cultivating every known Vegetable and Herb, 
&c., with directions for management all the year round. By Gborgb M. F. 
Glenny. Illustrated |/S 

Cottage Gardening : 

Or Flowers, Fruits, and Vegetables for Small Gsurdens. By E. Hobday, 

1/6 
Garden Receipts. 

Edited by Charuu W. QuiN . .••.•««1/6 

Fruit Trees, 

The Scientific and Profitable Culture of. From the French of M. Du 
Brbuil. Fifth Edition, carefully Revised by Gborgb Glbnny. With 
187 Woodcuts 3/S 

The Tree Planter and Plant Propagator: 

With numerous Illustrations of Grafting, Layering, Budding, Implements, 
Houses, Pits, &c. By Samubl Wood 2/0 

The Tree Pruner: 

A Practical Manual on the Pruning of Fruit Trees, Shrubs, Climbers, and 
Flowering Plants. With numerous Illustrations. By Samubl Wood | /G 

\^ The above Two Vale, in One, huubomely kalf-Untnd^ price 3/6* 

The Art of Grafting and Budding. 

By Charlbs Baltbt. With Illustrations 2/6 
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MATHEMATICS, ARITHMETIC, ETC. 
Desoriptiire Oeometry, 

An Elementary Treatise on ; with a Theory of Shadows and of Perspective, 
extracted from the French of G. Mongb. To which is added a Description 
of the Principles and Practice of Isometrical Projection. By J. F. Heathbk, 
M.A. With 14 Plates 2/0 

Praotioal Plane Geometry: 

Givini; the Simplest Modes of Constructing Figures contained in one Plane 
and (^ometrical Construction of the Ground. By J. F. Heather, M.A. 
With ai5 Woodcuts 2/0 

Analytical Geometry and Gonio Sections, 

A Rudimentary Treatise on. Bv James Hakn. A New Edition, re- 
written and enlarged by Professor J. R. Young .... 2/0 

Buclid (The Elements of). 

With many Additional Propositions and Explanatory Notes ; to which is 

prefixed an Introductory Essay on Logic. By Henry Law, C.E. . 2/6 

%* Sold also separately y viz : — 

Euclid. The First Three Books. By Henry Law, C.E. . . .1/6 

Buolid. Books 4, 5, 6, zi, Z2. By Henry Law, CE. . . .1/6 

Plane Trigonometry, 

The Elements of. By James Hann 1/6 

Spherical Trigonometry, 

llie Elements of. By James Hank. Revised by Charles H. Dow- 
ling, CE 1/0 

*»• Or wit A " The Elements oj Plane Trigonometry^* in One Volume ^ 2/6 

Differential Calculus, 

Elements of the. By W. S. B. Woolhousb, F.R.A.S., &c . .1/6 

Integral Calculus. 

By HoMERSHAM Cox, B.A. 1/6 

Algebra, 

The Elements of. By James Haddon, M.A. V^th Appendix, containing 
Miscellaneous Investigations, and a Collection of Problems . . 2/0 

A Key and Companion to the Above. 

An extensive Repository of Solved Examples and Problems iu Algebra. 
By J. R. Young 1/6 

Commercial Book-keeping.- 

With Commercial Phrases and Forms in English, French, Italian, and 
German. By Jambs Haddon, M.A 1/6 

Arithmetic, 

A Rudimentary Treatise on. With full Exi>lanations of its Theoretical 
Principles, and numerous Examples for Practice. For the Use of Schools 
and for Self-Instruction. By J. R. Young, late Professor of Mathematics 
in Belfast College. Thirteenth Fdition 1/6 

A Key to the Above. 

By J. R. Young 1/6 

Bquational Arithmetic, 

Applied to Questions of Interest, Annuities, Life Assurance, and General 
Commerce ; with various Tables by which all Calculations may be greatly 
facilitated. By W. Hipslby 1/6 

Arithmetic, 

Rudimentarv, for the Use of Schools and Self-Instruction. Ey Jamb<; 
Haddon, M.A. Revised by Abraham Arman . • •1/6 

A Key to the Above. 

V ^\« «»rmAN •••••.••«» •! /^S 
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Mathematical InstrumentB : 

l*heir Construction, Adjustment, Testing, and Use concisely Explained. 

By J. F. Hbathbk, M.A., of the Royal Military Academy, Woolwich. 

Fifteenth Edition, Revised^ with Additions, by A. T. Walmisley, 

M.I.C.E. Orifnnsd Edition, in x vol., Illustrated .... 2/0 
•»* In ordtring ike above t be careful to say "Original Edition,* or give the 
number in the Series (32), to distinguish it from the Enlarged Edition in 
3 vols, {eu follows) — 

DraiBfing and Measuring Instruments. 

Including — I. Instruments employed in Geometrical and Mechanical Draw- 
ing, and in the Construction, Copying, and Measurement of Maps and 
Pbns. II. Instruments used for me purposes of Accurate Measurement, 
and for Arithmetical Computations. By J. F. Hbathbr, M. A . 1 /8 

Optical Instruments. 

Including (more especially) Telescopes, Microscopes, and Apparatus for 
producing copies of Maps and Plans by Fhotography. By J. F. Hsathek, 
M.A. Illustrated 1/6 

Surveying and Astronomical Instruments. 

Including — I. Instruments used for Determining the Geometrical Features 
of a i>ortion of Ground. II. Instruments employed in Astronomical Ob- 
servations. By J. F. Hbathbr, M.A. Illustrated. . . .1/6 

*,* The above three volumes form an enlargement of the Author^ s original work^ 
" Mathematical Instruments f" price 2/0* {Described at top of P^H^-) 

Mathematical Instruments : 

Their Construction, Adjustment, Testing and Use. Comprising Drawing, 
Measuring, Optical, Surveying, and Astronomical Instruments. By J. F. 
Heather, M.A. Enlarged Edition, for the most part entirely re-wntten. 
The Three Parts as above, in One thick Volume. .... 4/6 

The Slide Rule, and How to Use It. ' 

Containing full, easy, and simple Instructions to perform all Business Cal- 
culations with unexampled rapidity and accuracy. By Charles Hoarb, 
C£. With a Slide Rule, in tuck of cover. Eighth Edition . . 2/6 

liOgJEU^thms. 

With Mathematical TaUes for Trigonometrical, Astronomical, and Nautical 
Calculations. By Hbnry Law, C.E. Revised Edition . ... 3/0 

Gompound Interest and Annuities (Theory of). 

With Tables of Logarithms for the more Difficult Computations of Interest, 
Discount, Annuities, &c., in all their Applications and Uses for Mercantile 
and State Purposes. By Fbdor Thoman, Paris. Fourth Edition . 4>/0 

Mathematical Tables, 

For 1 rigonometrical. Astronomical, and Nautical Calculations ; to which is 
prefixed a Treatise on Logarithms. By H. Law, CE. Together with a 
Stties of Tables for Navigation and Nautical Astronomy. By Professcr J. 
R. Young. New Edition 4/0 

Mathematics, 

As applied to the Constructive Arts. By Francis Campin, C.E., &c. 
Third Edition 3/0 

Astronomy. 

By the late Rev. Robert Main, F.R.S. Third Edition, revised and cor- 
• TOcted to the Present Time. By W. T. Lynn, F.R.AS. . . . 2/0 

Statics and I>ynamics, 

The Principles and Practice of. Embracing also a dear development of 
Hydrostatics, Hydrodynamics, and Central Forces. By T. Bakbr, C. E. 
Fourth Edition .• . 1/6 
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BOOKS OF REFERENCE AND 

MISCELLANEOUS VOLUMES. 

M, Dictionary of Painters, and Handbook for Piotore 
Amateors. 

Being a Guide for Visitors to Public and Private Picture Galleries, and for 
Art-Students, including Glossary of Terms, Sketch of Principal Schools of 
Painting, &c. By Philippe Daryl, B.A. 2/6 

Paintintf Popularly Bzplained. 

By T. J. GuLLiCK, Painter, and John Timbs, F.S.A. Including Fresco, 
Oil, Mosaic, Water Colour, Water-Glass, Tempera Encaustic, Miniature, 
Painting on Ivory, Vellum, Pottery, Enamel, Glass, ftc. Sixth Edition 6/0 

A Diotionary of Terms used in Architecture, Build- 
ing, Engineering, Mining, Metallurgy, Arohse- 
ology, the Fine Arts, &c. 

ByJOHNWBALB. Sixth Edition. Edited by R. Hunt, F.R.S. . 6/0 

Music : 

A Rudimentary and Practical Treatjse. With numeroas Examples. By 
Charlbs Child Spbncbr 2/o 

Pianoforte, 

The Art of Playing the. With numerous Exercises and Lessons. By 
Charlbs Child Spbncbr 1/6 

The House Manager. 

A Guide to Housekeeping, Cookery, Pickling and Preserving, Household 
Work, Dairy Management, Cellarage of Wines, Home*brewing and Wine- 
making, Gardening, &c. By An Old Housekbephr . . 3/6 

Manual of Domestic Medicine. 

By R. Gooding, M.D. Intended as a Family Guide in all cases of 
Acddent and Emergency. Third Edition, carefully revised . . 2/0 

Management of Health. 

A Manual of Home and Personal Hygiene. By Rev. James Baird 1 /O 

Natural Philosophy, 

For the Use of B^inners. By Charlbs Tomlinson, F.R.S. . . 1 /6 

The Blementary Principles of Blectric lighting. 

By Alan A« Campbbll Swinton, M.Inst. C.E., M.I.E.£. Fifth 
Edition [Just Publisfud 1/6 

The Blectric Telegraph, 

lu History and Progress. By R. Sabinb, C.E., F.S.A., &c. . . 3/0 

Handbook of Field Fortification. 

ByMigorW. W. Knollys,F.R.G.S. With 163 Woodcuts . . 3/0 

liOgic, 

Pare and Applied. By S. H. Emmbns 1/6 

liocke on the Human Understanding, 

Selections from. With NcAes hy S. H. Emmbns . .1/6 

The Gompendious Oalculator 

{Intuitive Caiculatums). Or Easy and Concise Methods of Performing the 
various Arithmetical 0|>erations required in Commercial and Business 
Transactions : together with Useful Tables, &c. By Daniel O'Gorman. 
Twenty*eighth EditioD, carefully revised by C. Norris . . .2/6 
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Measures, Weights, and Moneys of all Nations. 

With an Analysis of the Christian, Hebrew, and Mahometan Calendars. 
By W. S. fi. WooLHOuss, F.R.A.S., F.S.S. Seventh Edition . 2/d 

Grammar of the English Tongue, 

Spoken and Written. With an Introduction to the Study of Comparative 
Philology. By Hydb Clarke, D.C.L. Fifth Edition. . . .1/6 

Dictionary of the Bnglish IJanguage. 

As Spoken and Written. Containing above 100,000 Words. By Hydb 
Clakkb, D.CL. 3/S 

Composition and Punctuation, 

Familiarly Explained for those who have neglected the Study of Grammar. 
By Justin Brenan. Nineteenth Edition. 1/6 

French Grammar. 

With Complete and Concise Rules on the Genders of French Nouns. Bv 
G. L. Strauss, Ph.D. 1 /S 

Bnglish-French Dictionary. 

Comprising a large number of Terms used in Engineering, Mining, &c. 
By Alfred Elwes 2/0 

French Dictionary. 

In two Parts — I. French-Englbh. II. English-French, complete ia 
One VoL 3/0 

French and Bnglish Phrase Book. 

Containing Introductory Lessons, with Translations, Vocabularies of Words^ 
Collection of Phrases, and £asy Familiar Dialogues . . . • 1 /6 

German Grammar. 

Adapted for English Students, from Heyse's Theoretical and Practical 
Grammar, by Dr. G. L. Strauss • 1 /6 

German Triglot Dictionary. 

By N. E. S. A. Hamilton. Part I. German-French-English. Part II. 
English-German-French. Part III. French-German-English . . 3/0 

German Triglot Dictionary. 

(As above). Together with German Grammar, in One Volume . 6/0 

Italian Grammar. 

Arranged in Twenty Lessons, with Exercises. By Alfred Elwes. 1 /S 

Italian Triglot Dictionary, 

Wherein the Genders of all the Italian and French Nouns are carefully 
noted down. By Alfred Elwes. Vol.1. Italian- English-French. 2/o 

Italian Triglot Dictionary. 

By Alfred Elv.bs. VoL II. English-French-Italian . 2/6 

Italian Triglot Dictionary. 

By Alfred Elwes. Vol. III. French-Italian-English . . 2/6 

Italian Triglot Dictionary. 

(As above). In One Vol 7/6 

Spanish Grammar. 

In a Simple and Practical Form. With Exercises. By Alfred Elwes 1 /6 

Spanish-Bnglish and English-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining, Engineering, 
&C., with the proper Accents and the Gender of every Noun. By Alfred 

Elwes 4>/0 

•,* Or w/M /A/ Grammar, 6/0- 
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Portugese Grammar, 

In a Simple and Practical Form. With Exercises. By Alfred Elwes. 1 /Q 

Portugese -English and English -Portuguese Dio- 
tionary. 

Including a large number of Technical Terms used in Mining, Engineering, 
&C., with the proper Accents and the Gender of, every Noun. By Alfred 
Elwes. lliird Edition, revised , Q/Q 






Or with the Grammar, 7/0> 



Animal Physios, 

Handbook of. By Dionvsius Lardnbr, D.CL. With 520 Illustrations. 
In One Vol. (732 pages), cloth boards J/Q 

♦»* Sold oho in Two PartSf as follows : — 

Animal Physics. By Dr. Lardnbr. Part I., Chapters I.— VII. 4./0 

Animal Physics. By Dr. Lardnbr. Part II. , Chapters VIII.— XVIII. 

3/0 
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CARPENTRY A TIMBER . . 29 
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MECHANICAL ENGINEERING, ETC. 



THE MECHANICAL ENQINEER'5 POCKET-BOOK. 

Comprisine Tables, Formulae, Rules, and Data : A Handy Book of Reference 
for Daily Use in Engineering Practice. By D. Kinnbar Clark, M. Inst. C£., 
Fifth Edition, thoroughly Revised and Enlarged. ^ Bv H. H. P. Powlbs, 
A.M.I C.E., M.I.M.E. Small 8vo, 700 pp., bound in flexible Leather Cover, 
rotmded comers. [Just Published, Net 6/0 

SUMMARY OF CONTENTS :— MATHEMATICAL TABLES.— MEASUREMENT OP SURFACES 
ANB SOLIDS.— ENGLISH WEIGHTS AND MEASURES.— FRENCH METRIC WEIGHTS AND 
MEASURES.- FOREIGN WEIGHTS AND MEASURES.— MONEYS.— SPECIFIC GRAVITY, 
WBIGHT, AND VOLUME.— MANUFACTURED METALS.— STEBL PIPES. —BOLTS AND NlH^— 
SUNDRY ARTICLES IN WROUGHT AND CAST IRON, COPPBR, BRASS. LEAD, TIN, ZiNC— 
STRENGTH OF MATERIALS. — STRENGTH OF TIMBER.— STRENGTH OF CAST IRON.— 
STRENGTH OF WROUGHT IRON.— STRENGTH OF STBEL.— TENSILE STRENGTH OP COPPER, 

L^AD, &c.— Resistance of Stones and other building Materials.— Riveted Joints 
IN Boiler plates.— Boiler shells.— Wire Ropes and Hemp Ropes.— Chains and 

CHAIN cables.— framing.— HARDNESS OF METALS. ALLOYS. AND STONES.— LABOUR OF 

ANIMALS.— Mechanical Principles.— Gravity and Fall of Bodies.— Accelerating 

AND retarding FORCES.- MILL GEARING, SHAFTING, &C. —TRANSMISSION OF MOTfVB 

POWER.— Heat.— COMBUSTION : Fuels.- Warming, ventilation, cooking stoves.— 
steam.— steam engines and boilbrs.— railways.— tramways.— steam ships.— 
Pumping steam engines and Pumps.— Coal gas. gas engines, &c.— Air in motion. 

—COMPRESSED AIR.— hot AIR ENGINES.— WATER POWER.- SPEED OP CUTTING TOOLS. 

—Colours.— ELECTRICAL Engineering, 

" Mr. Clark manitets what Is an Innate perception of what is Hkely to be useful in a pocket- 
book, and he is reaDv unri-valled in the art of condensation. It is rery difficult to hit upon any 
nuctaianical engineering subject concerning wiiich this work supplies no Infbrnuttion, and the 
excellent index at the end adds to its utility. In one word, it is an exceedinriy liandy and efficient 
tool, possessed of wUch the engineer wfll be saved numy a wearisome calculation, or yet more 
wear i some hunt through various text-books and tfoatises, and, as such, we can heartUy racommeod 
It to our readers."— 7m Bngtmer. 

"It would be found difficult to compress move matter within a similar compass, or produce a 
book of 700 pages which should be move compact or conTeniant for pocket reference. . . . Will 
be appieciatedi^ mechanical engineeis of all classes."— /VocMoc/ Engineer. 
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MR. MUTTON'S PRACTICAL HANDBOOKS. 



THE WORKS' MANAQER'5 HANDBOOK. 

Comprising Modern Rules, Tables, and Data. For Engineers, Millvnrights. 
and Boiler Makers ; Tool Makers, Machinists, and Metal Workers ; Iron ana 
Brass Founders, &c. By W. S. Hutton, Civil and Mechanical Engineer, 
Author of "The Practical Engineer's Handbook." Sixth Edition, carefully 
Revised, and Enlarged. In One handsome Volume, medium 8vo, strongly 
bound 16/0 

IMT* The Author having compiled Rules and Data /or his own use in a great 
variety of ntodem engineering work, and having found hts notes extrem^y useful, 
decided to publish them — revised to date — Mievtng that a practical work, suited to 
the DAILY RBQUiREMSNTS OP MODERN BNGiNKBRS, would Be fovourably recHved, 

" Of this edition we may repeat the appreclatire remarks we made upon the first and third. 
Since the appearance of the latter very considerable modifications have been made, although the 
total number of pages remains almost the same. It is a vevy useful collection of rules, tables, and 
workshop and drawing office 6ata."—T/ie Engineer, May lo, z8^c 

" The author treats every subject firom the point ot view of one who has collected woikshop 
notes for application in workshop practice, rather than from the theoretical or litersry aspect. The 
volume contains a great deal of that kind of hiformation which is gained only by practical experience, 
and is seklom written bi books."— TA^ Engineer, June 5, 1885. 

" The volun^e is an exceedingly useful one, brimful with engineer's notes, memoranda, and 
Miles, and well worthy of being on every mechanical engineer's hooKsSbxAL"— Mechanical IVorld. 

" The informanon is precisely that likely to be required in practice. . . . The work forms 
a desirable addition to the libra^ not only of the works' manager, but of any one connected wltb 
general en^eering."— Afi»^M^ journal, 

" Bnmful of useful Information, stated in a concise form, Mr. Hutton's books have met a 
pressing want among engineers. The book must prove extremely useful to every practical man 
possesdng a copy."— Practical Engineer. 

THB PRACTICAL ENQINEER'5 HANDBOOK. 

Comprising a Treatise on Modem Engines and Boilers, Marine, Locomotive, 
and Stationary. And containing a larg^e collection of Rules and Practical 
Data relating to Recent Practice in Designing and Constructing all kinds of 
Engines, Boners, and other Engineering work. The whole constituting a com* 
prehensive Key to the Board of Trade and other Examinations for Certificates 
of Competency in Modem Mechanical Engineering. By Walter S. Hutton, 
Civil and Mechanical Engineer, Author of " The Works' Manager's Handbook 
for Engineers," &c. With upwards of 420 Illustrations. Sixth Edition, 
Revised and Enlarged. Medium 8vo, nearly 560 pp., strongly bound. 1 8/0 

M^ This Work is designed as a companion to the Author's "Works' 
Manager's Handbook." It possesses many new and original features, and con- 
tains, like its predecessor, a quafUity of matter not originally intended for publication 
but collected by the Author for his own use in the construction of a great variety of 
Modern Engineering Work. 

The information is given in a condensed and concise form, and is illustrated by 
upwards of 490 Engravings ; and comprises a quantity of tabulated matter of great 
value to all engaged in designing, constructing, or estimating for Engines, Boilers, 
and OTHER Engineering Work. 

"We have kept it at hand>for several weeks, referring to it as occasion arose, and we have not 
on a single occasion consulted its pages without finding the Information of which we were in quest" 
^•AtAenaufH. 

" A thoroughly good practical handbook, which no engineer can go through without learning 
something that will be of service to hisa."— Marine Engineer. 

" An excellent book of reference for engineers, and a valuable text-book for students of 
engineering. "— Scotsman . 

"This valuable manual embodies the results and experience of the leading authorities 00 
mechanical engineering."— ^MtAAMi^ Ainvj. 

" The author has collected tc^ether a surprising quantity of rules and practical data, and has 
shown much judgment in the selections he has made. . . . There is no doubt that this book is 
one of the most useful of its kind published, and will be a very popular compendium."— 'Engineer. 

" A mass of information set down in simple language, and in such a form that it can be easily 
referred to at any time. The matter is uniformly good and well chosen, and is greatly elucidated 
by the illustrations. The book will find its way on to most engineers' shelves, where it will rank as 
one of the most useful books of reference."— /Vsf/^a/ Engineer. 

" Full of useful informatlun, and should be found on the office shelf of all practical engineers. 
"English Mechanic. 
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MR. HUTTON'8 PRACTICAL HANDBOOK8-con««iwi. 



5TBAM BOILER CONSTRUCTION. 

A Practical Handbook for Engineers, Boiler-Makers, and Steam Users. 
Containing a large Collection of Rules and Data relating to Recent Practice 
in the Design, Construction, and Working of all Kinds of Stationary, Loco- 
motive, and Marine Steam-Boilers. By Walter S. Hutton, Civil and 
Mechanical Engineer, Author of "The Works' Manager's Handbook," "The 
Practical Engineer's Handbook," &c. With upwards of 500 Illustrations. 
Fourth Edition, carefully Revised, and Enlarged. Medium 8vo, over 680 pages, 
cloth, strongly bound. [Just Puhlisfud. 1 8/0 

IMT* This Work is issued in continuation 0/ tk* Sttiis 0/ Handbooks written 
by the Author, vix. : — " Thb Works' Manager's Handbook " and " The Practical 
Knginbbr's Handbook," which are so highly appreciated by engineers for the 
practical nature of their information ; and is consequently written in the same style 
as those works. 

The Author believes that the concentration, in a convenient form for easy 
reference, of such a large amount of thoroughly practical information on Steam- 
Boilers, wiu be of considerable service to those for whom it is tntended, and he trusts 
the book may be deemed worthy of as favourable a reception as has been accorded to 
its predecessors. 

" One of the best, if not the best, books on boilers that has ever been published. The infor. 
nation is of the riifht Icind, in a simple and accessible fonn. So far as generation is concerned, this 
Is, undoubtedly, the standard book on steam practice." — Electrical Review. 

" Every detaU, both in boiler design and management, is clearly laid before the reader. The 
volume shows that boiler construction has been reduced to the condition of one of the most exact 
sciences ; and such a book is of the utmost value to the fin de siicle Engineer and Works Manager." 
^Marine Engineer. 

" There has long been room for a modem handbook on steam boilers ; there is not that room 
now, because Mr. Hutton has filled it. It is a thoroughly practical book for those who are occupied 
ia the construction, desi^, selection, or use of boilers." — Engineer. 

" The book is of so important and comprehensive a character that it must find its way into the 
ibraries of every one interested in boiler using or boiler manufacture if they wish to be thoroughly 
informed. We strongly recommend the book for the intrinsic value of its contoats."— Machinery 
Market. 

PRACTICAL MECHANIC5* WORKSHOP COMPANION. 

Comprising a great variety of the most useful Rules and Formulae in Mechanical 
Science, with numerous 'Tables of Practical Data and Calculated Results for 
Facilitating Mechanical Operations. By William Tbmpleton, Author of 
" The Engineer's Practical Assistant," &c., &c. Eighteenth Edition, Revised, 
ModemisMl, and considerably Enlarged by Walter S. Hutton, C.E., Author 
of "The Works' Manager's Handbook,'; "The Practical Engineer's Hand- 
book," &c. Fcap. Svo, nearly 500 pp., with 8 Plates and upwards of 250 Illus* 
trative Diagrams, strongly bound for workshop or pocket wear and tear . 6/0 

" In its modernised form Hutton 's ' Templeton ' should have a wide sale, for it contains much 
valuable information which the mechanic will often find of use, and not a few tables and notes which 
he might look for in vain in other worlcs. This modernised edition will be appreciated by all who 
luive learned to value the original editions of ' Templeton.' " — English Mechanic. 

" It has met with great success in the engineering worlcshop, as we can testify ; and there are 
a great many men who, in a great measure, owe theu rise hi life to this little book."— Building 
News. 

" This lamiUar text-book— weO Icnown to all mechanics and engineers— is of essential service 
to the eyery-dav requirements of engineers, millwrights, and the various trades connected with 
engineering and building. .The new modernised edition is worth its weight in gold."— ^wt^kAM^ 
News. (Second Notice.) 

" Thb weO-known and largely-used book contains information, brought up to date, of the 
lOfft So useful to the foreman and draughtsman. So much fresh information has been introduced as 
to constitute it practically a new book. It will be largely used in the office and workshop."— 
Mechanical fVorld. 

"The publishers wisely entrusted the task of revision of this popular, valuable, and useful 
book to Mr. Hutton, than wliom a more competent man they could not have found."— /ron. 



BNQiNEER'5 AND MILLWRIQHT'S A55I5TANT. 

A Collection of Useful Tables, Rules, and Data. By William Templeton. 
Eighth Edition, with Additions. z8mo, cloth 2/6 

"Occupies a foremost place among books of this kind. A more suitable present to an 
apprantice to any of the mechanical trader could not possibly be vaaAa."'— Building News, 

" A deservedly popolai work. It should be in the 'drawer ' of every mechanic."— <i?ffr/<f A 
Medumic 
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THE MECHANICAL ENQINEER'5 REFERENCE BOOK. 

For Machine and Boiler Construction. In Two Parts. Part I. Gbnbkal 
Engineering Data. Part II. Boiler Construction. With 51 Plates and 
numerous Illustrations. By Nelson Foley, M.I.N.A. Second Edition, 
Revised throughout and much Enlarged. Folio, half-bound . ^et £3 3«a 

PART I..-MBASURES.— Circumferences and Areas, &c., squares. Cubes, 
fourth powers.— Square and cube roots.— surface of tubes.— reciprocals. — 
Logarithms. — Mensuration.— Specific Gravities and Weights.— Work and 
Power.- HEAT.— Combustion.— Expansion and Contraction. —Expansion of 
Gases.— Steam.— Static forces.— Gravitation and Attraction.— Motion and 
Computation of Resulting forces.— Accumulated work.— Centre and Radius 
of Gyraiion.— moment of Inertia.— Centre of oscillation.— Electricity.— 
Strength of Materials.— Elasticity.— Test Sheets qf Metals.- Friction.— 
Transmission of power.— flow of Liquids.— flow of Gases.— Air Pumps, Surface 
condensers. &c.— speed of steamships.— propellers.— cutting tools.— flanges. 
—Copper Sheets and tubes.— Screws, Nuts, bolt Heads. &c.— Various Recipes 
AND Miscellaneous Matter.— With DIAGRAMS for Valve-Gear, belting and 
Ropes, discharge and suction pipes, Screw Propellers, and Copper Pipes. 

PART II.— treating of power of boilers.— useful Ratios.— notes on 
Construction. — cylindrical Bpiler Shells. — Circular furnaces. — flat 
PLATES.— Stays. — Girders.— Screws. — Hydraulic Tests. — Riveting. — boiler 
Setting, Chimneys, and Mountings.— Fuels, &c.— Examples of Boilers and Speeds 

OF steamships.— NOMINAL AND NORMAL HORSE POWER.— WITH DIAGRAMS FOR ALL 

BOILER Calculations and drawings of many Varieties of boilers. 

" Mr. Foley is well fitted to compile such a work. The diajframs are a great feature of the 
work. It may be stated that Mr. Foley has produced a volume which wiU undoubtedly fulfil the 
desire of the author and become indispensable to all mechanical engineers."— Afo*?^M Enginetr. 

" We have carefully examined this work, and pronounce it a most excellent reference book 
for the use of marine engmeers."— 5'Vw'me^ c/ American Society 0/ Naval Engineers. 

TEXT-BOOK ON THE 5TEAM ENGINE. 

With a Supplement on Gas Engines and Part II. on Heat Engines. By 
T. M. GooDEVE, M. A., Barrister-at-Law, Professor of Mechanics at the R^pd 
College of Science, London ; Author of The Principles of Mechanics," " The 
Elements of Mechanism," &C. Fourteenth Edition. Crown 8vo, cloth . 6/0 

" Professor Goodere has given us a treatise on the steam engine which will bear comparison 
with anything written by Huxley or Maxwell, and we can award it no higher praise." — Engineer. 

** Mr. Goodeve's text -book is a work of which every young engineer should possess himsdf." 
—Mining youmal. 

ON QAS ENGINES. 

With Appendix describing a Recent Engine vrith Tube Igniter. By T. M. 

GooDEVB, M.A. Crown 8vo, cloth 2/6 

" Like all Mr. Goodeve's writings, the present is no exception in point of general excdlence. 
It is a valuable little voXumt."— Mechanical World, 

GA5 AND OIL ENGINE MANAGEMENT. 

A Practical Guide for Users and Attendants, being Notes on Selection, 
Construction, and Management ^ By M. Powis Bale, M.I M.E., A.M.I.C.E. 
Author of •* Woodworking Machinery," &c. Crown 8vo, cloth. 

\Just Published. Net 3/6 

THE GAS-ENGINE HANDBOOK. 

A Manual of Useful Information for the Designer and the Engineer. By E. W. 
Roberts, M.E. With Forty Full-page Engravings. Small Fcap. 8vo, leather. 

mt 8/6 
A TREATISE ON STEAM BOILERS. 

Their Strength, Construction, and Economical Working. By R. Wilson, C.E. 
Fifth Edition, xamo, cloth 6/0 

" The best treatise that has ever been published on steam \KXi<ex^"— Engineer. 

THE MECHANICAL ENGINEER'S COMPANION 

of Areas, Circumferences, Decimal Equivalents, in inches and feet, millimetres, 

auares, cubes, roots, &c. ; Strength of Bolts, Weight of Iron, &c. ; Weights, 
easures, and other Data. Also Practical Rules for Engine Proportions. By 
R. Edwards, M.Inst.C.E. Fcap. 8vo, cloth. 3/6 

"A very useful little volume. It contains many tables, classified data and memoranda 
generally useful to engineers."— £M|f^>M»r. 

" What It DtofiBSses to be, * a handy office companion,' giving In a sacdnct form, a vaflety of 
information likely to be required by mechanical engineers In their everyday office work."— iVo^Mv. 
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A HANDBOOK ON THE STEAM ENGINE. 

With especial Reference to Small and Medlnm-sized Engines. For the Use of 
Engine Makers, Mechanical Draughtsmen, Engineering Students, and users 
of Steam Power. By Herman Haedsr, C.E. Translated from the German 
with additions and alterations, by H. H. P. Powlks, A.M.I.C.E.. M.I.M.E. 
Third Edition, Revised. With nearly i,ioo Illustrations. Crown 8vo, 
cloth iVV/ 7/6 

' A perfect enc^lopaedia •( the steam en^^ine and its details, and one wliicli must take a pev* 
J place in Engflish drawin{r-offices and workshops."—^ Foreman Pattern-maker, 
" This is an excellent book, and should be in the hands of all who are interested in the con* 
ttructlon and design of medium-sized stationary eng^es. ... A careful study of its contents and 
the arrangement of the sections leads to the conclusion that there is probably no other book like It 
In this country. The volume aims at showing the results of practical expenence, aad it certainly 
may claim a complete achievement of this iAoa,"— Nature. 

" There can be no question as to its value. We cordiaUy commend it to all concerned in the 
design and construction of the steam engine."— Mechanical h^'orld. 

BOILER AND FACTORY CHIMNEYS. 

Their Draught-Power and Stability. With a ch«>ter on Lightning Conductors. 
By Robert Wilson, A.I.C.E., Author of " A Treatise on Steam Boilers," &c. 

Crown 8vo, cloth 3/6 

A valuable contribution to the literature of scientific building. "—7Vk« Builder. 

BOILER MAKER'S READY RECKONER & ASSISTANT. 

With Examples of Practical Geometry and Templating, for the Use of Platerfj 
Smiths, and Riveters. By John Courtney, Edited by D. K. Clark, 
M.I.C.E. Fourth Edition, 480 pp., with 140 Illustrations. Fcap. 8vc, half« 
boimd 7/0 

"No workman or apprentice should be without this book."— /r^H TreuU Circular, 

REFRIGERATION, COLD STORAGE, & ICE-MAKING: 

A Practical Treatise on the Art and Science of Refri^^eration. By A. J. 
Wallis-Taylbr, A.M.Inst.C.£., Author ot "Refrigerating and Ice-Making 
Machinery." 600 pp., with 360 Illustrations. Medium 8vo, cloth. Net 1 5/0 

"The author has to be congratulated on the completion and production of such an impor- 
tant work and it cannot fail to have a large body of readers, for it leaves out nothing that would in 
any way be of value to those interested in the subject." — Steamship. 

" No one whose duty it is to handle the mammoth preserving installations of these latter days 
can afford to be without this valuable book." — Glasgow Herald, 

THE POCKET BOOK OF REFRIGERATION AND ICE- 

MAKINQ. 

Edited by A. J. Wallis-Tayler, A.M.Inst.C.E. Author of "Refrigerating 
and Ice-making Machinery," &c. Small Crown Svo, cloth. 

[Just PublUhed. Net SIB 

REFRIGERATING & ICE-MAKING MACHINERY. 

A Descriptive Treatise for the Use of Persons Employing Refrigerating 
and Ice-Making Installations, and others. By A. J. Wallis-Tayler, 
A.-M. Inst. C.E. Third Edition, Enlarged. Crown Svo, cloth . . 7/6 

" Practical, explicit, and profusely illustrated."— Gtox^ow Herald. 

" We recommend the book, whicn gives the cost of various sjrstems and illustrations showing 
details of parts of machinery and general arrangements of complete iastaUa.tion&."— Builder, 

" May be recommended as a useful description of the machinery, the processes, and of the 
facts, figures, and tabulated physics of refrigerating. It is one of the best compilations on the 
subject. —^M^'ifMr. 

ENGINEERING ESTIMATES, COSTS, AND ACCOUNTS. 

A Guide to Commercial Engineering. With numerous examples of Estimates 
and Costs of Millwright Work, Miscellaneous Productions, Steam Engines and 
Steam Boilers; and a Section on the Preparation of Costs Accoimts. Bv 
A General Manager. Second Edition. Svo, doth 12/0 

** This is an excellent and very useful book, covering subject-matter in constant requisition in 
•veiy factory and workshop. . . . The book is invaluable, not only to the young engmeer, but 
also to the estimate department of every works."— Builder. 

" We accord the work unquaMed praise. The Information Is given In a plain, straightforward 
aumner, and bears throughout evidence of the Intimate practical acquaintance of the author with 
eveiy phase of commercial engineering."— AAK-Aafcioi/ IVorld, 
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H015TINQ MACHINERY. 

An Elementary Treatise on. Including the Elements of Crane Construction 
and Descriptions of the Various Types of Cranes in Use. By Joseph 
Horner, A.M.I.M.E., Author of '•Pattern-Making," and other Works. 
Crown 8vo, with 2T5 Illustrations, including Folding Plates, cloth. 

Oust Published. Net 7/6 

AERIAL OR WIRE-ROPE TRAMWAYS. 

Their Construction and Management. By A. J. Wallis-Tatlkk, A.M.Inst.CE. 

With 81 Illustrations. Crown 8vo, cloth 7/6 

"This is in its way an excellent volume. Without eoing into the minutiae of the subject, it 
yet lajrs before its readers a very {food exposition of the various ssrstems of rope transmission m use, 
and gives as well not a little valuable information about their worlcing, rejrair, and management. 
We can safely recommend it as a useful general treatise on the subfect." — ihe Enigifuer. 

MOTOR CARS OR POWER-CARRIAGES FOR COMMON 

R0AD5. 

By A. J. Wallis-Tavlbr, A. M. Inst. C.E., Author of " Modem Cycles,'' 

&C. 313 pp., with 76 Illustrations. Crown 8vo, cloth .... 4/6 

" The book is clearly e3q)ressed throughout, and is Just the sort of work that an engineer 
thinking of turning his attention to motor-carriage woric, would do well to read as a preliminary 
to startmg OTperaXxons."— Engineering. 

PLATING AND BOILER MAKING. 

A Practical Handbook for Workshop Operations. By Joseph G. Hornxii, 

A.M.I.M.E. 380 pp. with 338 Illustrations. Crown 8vo, cloth . 7/6 

" This worlc is characterised by that evidence of dose acquaintance with woricshop methods 
which will render the book exceedingly acceptable to the practical hand. We have no hesitation 
in commending the work as a serviceable and practical handbook on a subject which has not 
hitherto received much attention from those qualified to (toal with it in a satufactory manner."— 
Meckanicai World. 

PATTERN MAKING. 

A Practical Treatise, embracing the Main Types of Engineering Construction, 
and including Gearing, Engine Work, Sheaves and Pulleys, Pipes and Columns, 
Screws, Machine Parts, Pumps and Cocks, the Moulding of Patterns in Loam 
and Greensand, estimating the weight of Castings &c. By Joseph G. Hornkr, 
A.M.I.M.E. Third Edition, Enlarged. With 486 Illustrations. Crown 8vo, 
cloth. Net 7/6 

" A well-written technical guide, evidently written by a man who understands and has prac* 
tised what he has written about. . . . We coixuaDy recommend It to engineering students, jroung 
Journeymen, and others desirous of being initiated into the mysteries of pattern-making."— ^ta'/olcr. 

"An excellent vade mecutn for the apprentice who deares to become master of his trade." 
—English Mechanic. 

MECHANICAL ENGINEERING TERMS 

Qxx:kwood's Dictionary of). Embracing those current in the Draiiring Office, 
Pattern Shop, Foundry, Fitting, Turning, Smiths', and Boiler Shops, &c Com- 

f rising upwards of 6,000 Definitions.^ Edited by J. G. Horner, A.M.I.M.E. 
'bird Edition, Revised, with Additions. Crown 8vo, cloth . . Net 7/6 

" Just the sort of handy dictionary required by the various trades engaged in mechanical en- 
gineering. The practical engineering pupO will find the book of great value m his studies, and every 
foreman engineer and mechanic shomd have a cop^."— Building News. 

TOOTHED GEARING. 

A Practical Handbook for Offices and Workshops. By J. Hornbr, A.M.I.M.E. 

With 184 Illustrations. Crown 8vo, cloth 6/0 

" We give the book our unqualified praise for its thoroughness of treatment, and recommend 
it to all interested as the most practical book on the subject yet wi^Xten."'^ Mechanical IVorld. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. 

With a History of Fire«Engines, their Construction, Use, and Manage* 

ment ; Foreign Fire Systems ; Hints on Fire- Brigades, &c By C. F. T. 

Young, C.£. 8vo, cloth £1 4s. 

** To such of our readers as are interested in the subject of fires and fire apparatus we can 
most beaitily conunend this hof^"— Engineering. 
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AfiRIAL NAVIGATION. 

A Practical Handbcok on the Construction of Dirleible Balloons, Aeiostats, 
Aeroplanes, and Aeremotors. By Frederick Walker, C.E., Associate 
Member of the Aeronautic Imtitute. With 104 Illustrations. Large Crown 
8vo, cloth Net JIQ 

STONE-WORKINQ MACHINERY. 

A Manual dealing with the Rapid and Economical Conversion of Stone. With 
Hints on the Arrangement and Management of Stone Works. By M. Powis 
Bale, M.I. M.E. Second Edition, enlarged. Crown 8vo, cloth . . 9/0 

" The book should be in the hands of every mason or student of stonework."— C#//^!rry 
CuartUan, 

" A capital handbook foe all who manipulate stone for bulling or ornamental purposes."'- 
Mackituty Market. 

PUMPS AND PUMPING.. 

A Handbook for Pump Users. Being Notes on Selection, Construction, and 
Management. By M. Powis Bale, M.I. M.E. Fourth Edition. Crown 
8vo, cloth 3/6 

" The matter is set forth as concisely as possible. In fact, condensation rather than difluse- 
nest has been the author's aim througfbout ; yet he does not seem to have omitted anytbhig likely to 
be of va6."—youmal 0/ Gtu Lighting. 

" Thcroughly practical and clearly yiiivtxxu"— Glasgow Herald. 

MILLING MACHINES AND PROCESSES. 

A Practical Treatise on Shaping^ Metals by Rotary Cutters. Including 
Information on Making and Grinding the Cutters. B^ Paul N. Hasluck, 
Author of ' ' Lathe- Work. " With upwards of 300 Engravings. Large crown 8vo, 
cloth 12/6 

" A new departure in en^eering literature. . . . We can recommend this work to all in* 
lerested in milling machines ; it ts wliat it professes to be — a practical treatise." — Engineer. 

" A capital and reliable book which will no doubt be of considerable service both to those 
who are already acquainted with the process as well as to those who contemplate its adoption."— 
Industries. 

LATHE- WORK. 

A Practical Treatise on the Tools, Appliances, and Processes employed in 

, the Art of Turning. By Paul N. Hasluck. Eighth Edition. Crown 8vo, 

cloth 6/0 

" Written by a man who knows not only how work ouffht to be done, but who also knows how 
to do it, and how to convey his knowledge to others. To aUtumeis this book would be valuable."— 
Sngineering. 

" We can safely recommend the work to young engineers. To the amateur It will simply bo 
invaluable. To the student it will convey a great deal of useful inionnation."— Engineer. 

SCREW-THREADS, 

And Methods of^ Producing Them. With numerous Tables and complete 

Directions for using Screw-Cutting Lathes. By Paul N. Hasluck, Author 

of " Lathe- Work," &c. Sixth Edition. Waistcoat-pocket size . .1/6 

" FuU of usefixl hiformation, hints and practical criticism. Taps, dies, and screwing tools 

generally are illustrated and their action descrih^u"— Mechanical JVorld. 

" It is a complete compendium of all the details of the screw-cutting lathe ; in fact, a tnuUum 
im^farvo on all the subjects it treats yx^n."— Carpenter and Builder. 

TABLES AND MEMORANDA FOR ENGINEERS, 

MECHANICS, ARCHITECTS, BUILDERS, Cue, 

Selected and Arranged by Francis Smith. Seventh Eklition, Revised, including 
Electrical Tables, Formulvb, and Memoranda. Waistcoat-pocket size, 
limp leather. {Jmi Published. 1 /6 

" It would, perhaps, be as difficult to make a small pocket-book selection of notes and formula 
to suit ALL engineers as it would be to make a universal medicine ; but Mr. Smith's waistcoat- 
pocket collection may be looked upon as a successful axtcnmt."— Engineer. 

" The best example we have ever seen of 370 pages of useful matter packed into the dimen- 
sions of a caxd-caa^"— Building News. " A veritable pocket treasury of knowledge."— /r<m. 

POCKET GLOSSARY OF TECHNICAL TERMS, 

English-French, French-English; with Tables suitable for the Architectural, 

Engineering, Manufacturing, and Nautical Professions. By John James 

Fletcher. Third Edition, 200 pp. Waistcoat-pocket size, limp leather 1 /6 

" It b a very great advantage for readers and correspondents in France and England to ha% e 

so large a number of the words relating to engineering and manufacturers collected In a llliputiaii 

volume. The little book will be usefulboth to students and travellers."— ^rrAOtc/. 

" The glossary of terms is very comfdete, and many of the Tables are new and well arranged 
We cordially commend the book."— Mechanical ff^orUf. 
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THB ENGINEER'S YEAR BOOK FOR 1904. 

Comprising Fonnuls, Rules, Tables, Data and Memoranda in Civil, Mechanical, 
Electrical, Marine and Mine Engineering. By H. R. Kemps, A.M. Inst. C.E., 
M.I.E.E., Principal Technical Officer, Engineer-in-Chief* s Office, General Post 
Office, London,- Author of '^A Handbook of Electrical Testing," "The 
Electrical Engineer's Pocket-Baok," &c. With j,ooo Illustrations, specially 
Engraved for the work. Crown 8vo, 900 pp., leather. [Just Publisnsd, 8/0 

"Kempe's Year Biok really requires no commendation. Its sphere of usefulness is widely 
known, and it is used by eng:ineers the world over."— T'Ak tingi*t«€r. 

"The volume is distinctly in advance of most similar publicatioas In this countzy.*— 
Bngifuering. 

" This valuable and well-designed book of reference meets the demands of all descriptkms of 
mo^9»t%,"— Saturday Review. 

" Teems with up-to-date infocmation In every branch of engineering and constructloa.''^ 
BuUdiMgNems. 

" The needs of the engineering profession could hardly be supplied in a more admlfable, 
complete and convenient form. To say that it more than sustains all comparisons is praise of the 
behest sort, and that may Justly be 9iaSaioi\t."— Mining Jottmal. 

" There is certainfy room for the newcomer, which supplies explanations and directions, as 
well as formulae and tables. It deserves to become one of the most successful of the technical 
annuals. "—j4 rchiUcU 

" Brings together with great skUl all the technical information which an engineer has to use 
day by day. It is in every way admirably equipped, and is sure to prove successful."— SeotomoM. 

" The up-to-dateness of Mr. Kempe's compilation is a quality that will not be lost on the busy 
people for whom the work is intended."— GAu^i^w Herald. 

THE PORTABLE ENGINE. 

A Practical Manual on its Construction and Management. For the use 
of Owners and Users of Steam Engines generally. By William Dyson 
Wansbrough. Crown 8vo, cloth 3/6 

** This is a work of value to those who use steam machinery. . . . Should be read by eveiy 
one who has a steam engine, on a farm or elsewhere."— Afofvk Lane Exj^ress. 

IRON AND STEEL. 

A Work for the Forge, Foundry^ Factory, and Office. Contfuning ready, 
useful, and trustworthy Information for Ironmasters and their Stock>takers ; 
Managers of Bar, Rail, Plate, and Sheet Rolling Mills; Iron and Metal 
Founders; Iron Ship and Bridge Builders; Mechanical, Mining, and 'Con* 
suiting Engineers ; Architects, Contractors, Builders, &C. By Charles Hoars, 
Author of^'The Slide Rule," &C. Ninth Edition, aamo, leather . 6/0 

CONDENSED MECHANICS. 

A Selection of Formulae, Rules, Tables, and Data or the Use of Engineering 
Students, &c. By W. G. C. Hughes, A.M.I.C.E. Crown 8vo, cloth . 2/6 

" The book is well fitted for those who are preparing for examination and wish to refresh 
their knowledge by going through their formula agam. —Marine Engineer* 

THE SAFE USE OF STEAM. 

Containing Rules for Unprofessional Steam Users. By an Engineer. Seventh 

Edition. Sewed 6d. 

" If steam-users would but learn this little book by heart, boiler explodons would become 
sensations by their tvAXy."— English Mechanic. 

THE CARE AND MANAGEMENT OF STATIONARY 

BNQ1NE5. 

A Practical Handbook for Men-in-charge. By C. Hurst. Crown 8vo. Net 1 /O 

THE LOCOMOTIVE ENGINE. 

The Autobiography of an Old Locomotive Engine. By Robert Weather* 
BURN, M.I.M.E. With Illustrations and Portraits of George and Robert 
Stephenson. Crown 8vo, cloth. Net 2/6 

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT. 

A Popular Treatise on the Gradual Improvements made in Railway Engines 
between 1803 and 1903. By Clement E. Stretton, C.E. Sixth Edition, 
Revised and Enlarged. Crown 8vo, cloth. [Juit Published, Net 4/6 

"Students of railway history and all who are interested In the evolution of the modem 
locomotive wil find much to attract and entertain in this volume."— TA^ Tinut. 
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MODERN MACHINE SHOP TOOLS, 

THBIR CONSTRUCTION* OPERATION, AND MANIPULATION. 

Including both Hand and Machine Tools. An entirely New and Fully 
Illustrated Work, treating this Subject in a Concise and Comprehensive 
Manner. A Book of Practical Instruction in all Classes of Macnine Shop 
Practice. Including Chapters on Filing, Fitting, and Scraping Surfaces ; on 
Drills, Reamers, Taps, and Dies ; the I^the and its Tools ; Planers, Shapers, 
and their Tools ; Milling Machines and Cutters ; Gear Cutters and Gear 
Cutting ; Drilling Machines and Drill Work ; Grinding Machines and their 
Work ; Hardening and Tempering, Gearing, Belting, and Transmission 
Machinery; Useful Data and Tables. By William H. Van Dervoort, M.E. 
Illustrated by 673 Engravings of Latest Tools and Methods, all of which are 
fully described. Medium 8vo, cloth. i/usi Published. Net 21 /O 

LOCOMOTIVE ENGINE DRIVING. 

A Practical Manual for Engineers in Charge of Locomotive Engines. By 
MiCHABL Rbynolds, formerly Locomotive Inspector, L. B. & S. C R. 
Eleventh Edition. Including a KxY to thb Locomotivb Engine. 
Crown 8vo, cloth 4/6 

" Mr. Reynoldi has suppUed a want, and lias supplied it welL We can confidentlj recom- 
oie&d the book not only to tbe practical driver, but to everyone who tiJces an Interest in the 
performance of locomotive engines."— 7/w Enginter, 

" Mr. Reynolds has opened a new chapter in the literatuie of the day. This admirable 
practical treatise, of the pracUcal utility of which we have to speak in terms of warm commendation." 

THE MODEL LOCOMOTIVE ENGINEER, 

Fureman, and Engine>Boy. Comprising a Historical Notice of tbe Pioneer 

Locomotive Engines and their Inventors. By Michabl Rbynolds. Second 

Edition, with Revised Appendix. Crown 8vo, doth. .... 4/6 

" We should be glad to see this book in the possession of everyone in the kingdom who has 
ever laid, or is to lay, hands on a locomotive engine. "—/rvM. 

CONTINUOUS RAILWAY BRAKES. 

A Practical Treatise on the several Systems in Use in the United Kingdom : 
their Construction and Performance. By Michabl Reynolds. 8vo, cloth 

9/0 

" A popiilar explanation of the different brakes. It will be of great assistance in formhig 
public opimon, and will be studied with benefit by those who take an interest in the \xnSg»,"— English 
Mechanic, 

STATIONARY ENGINE DRIVING. 

A Practical Manual for Engineers in Charge of Stationary Engines. By 

Michael Reynolds. Sixth Edition. With Plates and Woodcuts. 

Crown 8vo, cloth 4/6 

" The author's advice on the various points created is clear and practicaL"— £M,finecrM!c. 
" Our author leaves no stone unturned. He is determined that his readers shall not only 
know something about the stationary engine, but all about \\."—Enginetr, 



ENGINE-DRIVING LIFE. 

Stirring Adventures and Incidents in the Lives of Locomotive Engine* 
Drivers. By Michael Reynolds. Third Edition. Crown 8vo, cloth . 1 /6 

" From fir&t to last perfectly fascinating. Wilkie CoUins's most thrilling conceptions are 
thrown into the shade by true incidents, endless in their variety, related in every page."— ^(9rM 
BriHsh Mail. 

THE ENGINEMAN'S POCKET COMPANION, 

And Practical Educator for Eneinemen, Boiler Attendants, and Mechanics. 
By Michael Reynolds. With 45 Illustrations and ntimerous Diagrams 
Fourth Edition, Revised. Royal z8mo, strongly bound for pocket wear. 3/6 

" A most meritorious work, giving in a succinct and practical form all the information an 
e-minder desirous of mastenng the scientific principles of his daily callmg would requite. "— 
Milkr. 
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PIONEER IRRIOATION. 

A Manual of Information for Farmers in the Colonies. By E. O. Mawson, 
Executive Engineer, Public Works Department, Bombay. With Numerous 
Plates and Diagrams. Medium 8vo, cloth. 

[Just ready. Price about 7 IS n^t. 

Summary of Contents:— Value of Irrigation, and Sources of Water 
Supply,— Dams and weirs.— Canals.— Underground Water.— Methods of irri- 
GATioN.— Sewage Irrigation.— Imperial automatic Sluice Gates.— The Culti- 
vation OF Irrigated Crops, Vkgetables, and Fruit trees.— Light Railways 
for Heavy Traffic— Useful memoranda, Tables, and Data. 

TUNNELLINQ. 

A Practical Treatise. By Charles Prblini, C.E. With additions by 
Charles S. Hill, C.£. With 150 Diagrams and Illustrations. Royal 8vo, 
cloth N$t 1 6/0 

PRACTICAL TUNNELLINQ. 

Explaining in detail Setting-ont the Works, Shaft-sinking, and HeadingHiriving, 
Ranging the Lines and Levelling underground, Sub-Excavating, Timbering 
and the Construction of the Brickwork of Tunnels. By F. W. Simms, 
M. Inst. C.E. Fourth Edition, Revised and Further Extended, including the 
most recent (1895) Examples of Sub-a<^ueous and other Tunnels, bv D. Kinnbar 
Clark, M. Inst. C.E. With 34 Foldmg Plates. Imperial 8vo, cloth £2 2s. 

" Tbe present (1896) edition has been brou&lit right up to date, and is thus rendered a woric to 
which civil engineers generally should have ready access, and to which engineers who have con- 
struction work can hardly afford to be without, but which to the jrounger members of the profession 
Is iuTaluable, as from its pages they can learn the state to wliich the science of tunnelling has 
attained."— ^a»/««>> JVrws. 

THE WATER SUPPLY OF TOWNS AND THE CON- 
STRUCTION OP WATER-WORKS. 

A Practical Treatise for the Use of Engineers and Students of Engineering. 
Bv W. K. Burton, A.M. Inst. C.E., Consulting Engineer to the Tokyo 
Water-works. Second Edition, Revised and Extended. With numerous 
Plates and Illustrations. Super-royal 8vo, buckram, [/ust Published. 2ff /O 

L Introductory. — II. Different qualities of water. — III. quantity of 
Water to be Provided.— IV. On Ascertaining whether a Proposed source of 

SUPPLY IS sufficient.— V. ON ESTIMATING THE STORAGE CAPACrTY REQUIRED 

TO BE Provided.— VI. classification of water-works.- vii. Impounding Reser- 
voirs.— VIII. Earthwork Dams.— IX. Masonry Dams.— X. the purification of 
Water.— XI. Settling reservoirs.— XII. Sand Filtration.— Xlll. purification 
OF Water by Action of iron, softening of water by action of l,imb. Natural 
Filtration.— XIV. Service or Clean water Reservoirs- Water Towers— Stand 
Pipes.— XV. The Connection of Settling reservoirs, Filter beds and Service 
Reservoirs.— XVI. pumping Machinery.— xvii. flow of water in Conduits- 
Pipes AND Open Channels.— XVlli. Distribution Systems.— xix. Special Pro- 
visions for the Extinction of Fire.— XX. Pipes for Water-works.- XXI. Pre- 
vention OF Waste of Water.— XXII. Various Appliances used in Connection 
with Water-works. 

APPENDIX I. By Prof. JOHN MILNE, F.R.S.— CONSIDERATIONS CONCERNING THE 

Probable effects of Earthquakes on Water-works, and the Special Pre- 
cautions TO be taken in Earthquake countries. 

appendix II. By JOHN DE RIJKE, C.E.— ON SAND DUNES AND DUNE SAND AS 
A SOURCE OF WATER SUPPLY. 

" The chapter upon filtration of water is very complete, and the details of construction wdl 
Illustrated. . . . The work should be specially valuable to civil engineers engaged in work in 
Japan, but the interest is by no means confuted to that \oca^Xy."—Engin€er. 

" We congratulate the author upon the practical commonsense shown in the preparation of 
this work. . . . The plates and aiagnuns have evidently been prepared with great caie, and 
cannot fail to be of great assistance to the student."— ^M»/(dfer. 

RURAL WATER 5UPPLY. 

A Practical Handbook on the Supply of Water and Construction of Water- 
works for small Country Districts. By Allan Greenwbll, A.M.I.C.E., 
and W. T. Curry, A.M.I.C.E., F.G.S. With Illustrations. Second Edition, 

Revised. Crown 8vo, cloth 5/0 

"We conscientiously recommend it as a very useful book for those concerned in obtaining 
water for small districts, giving a great deal of practical information In a smal kompass. "—Builder. 
" The volume contains valuable Information upon all matters connected wttb water supply. 
. . . It is full of details on points which are continually before water-works englneen."— /ViMWrv. 
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THE WATER SUPPLY OF CITIES AND TOWNS, 

By WiLxiAM HuMBBR, A. M. Inst. C.E., and M. Inst. M.S., Anthor of " Cast 
and Wrought Iron Bridge Construction," &c, &c. Illustrated with 50 Double 
Plates, I Single Plate, Coloured Frontispiece, and upwards of 250 Woodcuts, 
and containing 400 pp. of Text. Imp. 4to, elegantly and substantially 

half-bound in morocco I\ret £6 6s. 

List of Contents. I. Historical sketch op somb of the means that have 

BEEN ADOPTED FOR IHB SUPPLY OF WATER TO CITIES AND TOWNS.— II. WATER AND 
THE FOREIGN MATTER USUALLY ASSOCIATED WITH IT.—III. RAINFALL AND EVAPORA- 
TION.— IV. SPRINGS AND THE WATER-BEARING FORMATIONS OF VARIOUS DISTRICTS. 
—V. MEASUREMENT AND ESTIMATION OF THE FLOW OF WATER.— VI. ON THE SELECTION 
OF THE SOURCE OP SUPPLY.— VII. WELLS.— VIII. RBSBRVOIRS.—IX. THE PURIFICATION 
OF WATBR.-X. PUMPS.— XI. PUMPING MACHINERY.- XII. CONDUFTS.- XIII. DlSTRIBU- 
TION OF WATER.— XIV. METERS, SERVICE PIPES. AND HOUSE FITTINGS.— XV. THE LAW 
AND ECONOMY OF WATER- WORKS.— XVI. CONSTANT AND INTERMITTENT SUPPLY.— 
XVII. DESCRIPTION OF PLATES.— APPENDICES, GIVING TABLES OF RATES OF SUPPLY, 
VELOCITIES, dec., &C., TOGETHER WITH SPECIFICATIONS OF SEVERAL WORKS ILLUS> 
TRATBD, AMONG WHICH WILL BE POUND : ABERDEEN, BiDEFORD, CANTERBURY, 

DUNDEE, Halifax, Lambeth, rothbrham, Dublin, and others. 

" The most systematic and valuable work upon water supply hitherto produced in English, or 
in any other lai^age. Mr. number's work is characterised almost throughout by an 
exhaumveness much more distinctive of French and German than of Engiish teclmical treatises." 

THE PROGRESS OF ENQINEERINQ (1863-6). 

By Wm. HuMBER, A.M.Inst.C.E. Complete in Four Vols. Containing 148 
Double Plates, with Portraits and Copious Descriptive Letterpress. Impl. 410, 
half-morocco. Price, complete, £"| 2 1 Ss. '» or each Volume sold separately 
at £3 38. per Volume. Descriptive List of Contents on application. 

HYDRAULIC POWER ENQINEERINQ. 

A Practical Manual on the Concentration and Transmission of Power by 
Hydraulic Machinery. By G. Croydon Marks, A.M. Inst. C.E. With 
nearly 300 Illustrations. 8vo, cloth. Net 9/0 

Summary of Contents. Principles of Hydraulics.— The Flow of water. 
— Hydraulic Pressures, material.— Test Load packings for Sliding surfaces. 
—Pipe Joints.— Controlling Valves.— Platform Lifts.— workshop and Foundry 
Cranes.— warehouse and Dock Cranes.- Hydraulic accumulators.— Presses 
FOR Baling and other purposes.— sheet metal working and Forging Machinery. 
—Hydraulic Rivetters.— Hand, Power, and Steam Pumps.— turbines.— Impulse 
Turbines.— Reaction Turbines.— Design of turbines in Detail.— water Wheels. 
—Hydraulic engines.— recent achievements.— pressure of Water.— action 
of pumps, &c. 

" We have nothingr but prsdse for this thoroughly valuable work. The author has succeeded 
in rendering bis subject interesting as well as instructive."— /Vac/^a/ Enginter. 

"Can be unhesitatingly recommended as a useful cUid up-to-date manual on hydraulic trans- 
mission and utilisation of power."— A/ircAanuu/ World 

HYDRAULIC TABLES, CO-EFFICIENTS, & FORMULi45. 

For Finding the Discharge of Water from Orifices, Notches, Weirs, Pipes, and 
Rivers. With New Formulae, Tables, and General Information on Rain*fall, 
Catchment-Basins, Drainage, Sewerage, Water Supply for Towns and Mill 
Power. By John Neville, C.E., M.R.I.A. Thurd Edition, revised, with 
additions. Numerous Illustrations. Crown 8vo, cloth . . 14/0 

" It is, of all English books on the subject, the one nearest to completeness."— ^rcAiiiec^. 

HYDRAULIC MANUAL. 

Consisting of Working Tables and Explanatory Text. Intended as a Guide in 

Hydraulic Calculations and Field Operations. By Lowis D'A. Jackson, 

Author of "Aid to Survey Practice," "Modern Metrology," &c. Fourth 

Edition, Enlarged. Large crown 8vo, cloth -| Q/Q 

" The author has constructed a manual which may be accepted as a trustworthy guide 
to this branch of the engineer's ^tofessixm,"— Engineering, 

WATER ENQINEERINQ. 

A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisa* 
tion of Water for the Supply of Towns, for Mill Power, and for other Purposes. 
ByCHARLBsSLAGG,A.M.Inst.C.£. Second Edition. Crown 8vo, cloth . 7/6 
" As a small practical treatise on the water supply of towns, and on some applications of water- 
power, the work is in many respects excellent."— fM^'MMriM^. 
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THE RECLAMATION OP LAND PROM TIDAL WATERS. 

A Handbook for Engineers, Landed Proprietors, and others interested in 
Works of Reclamation. By Albx. Bbazblby, M.Inst. C.B. 8vo, cloth. 

^// 10/6 

" Tbe book shows in a concise way wliat has to be done in redalminflr land from the sea, and 
the best way of doings it. The woric contains a groat deal of practical and useful infonnation which 
cannot fail to be of service to enpneers entrusts with the enclosure of salt marshes, and to land- 
owners intending to reclaim land from the sea."— TA^ Engituer. 

" The author has carried out his task efficiently and well, and his book contains a large 
amount of infonnation of great service to engineers and others interested in works of reclamation." 

MASONRY DAMS PROM INCEPTION TO COMPLETION. 

Including numerous Formulae, Forms of Specification and Tender, Pocket 
Diagram of Forces, &c. For the use of Civil and Mining Engineers. By 
C. F. Courtney, M. Inst. C£. 8vo, cloth 9/0 

** The volimie contains a good deal of valuable data. Many usefid suggesdons will be found 
in the remarks on site and posttioo, location of dam, foundations and construction."— ^Mt/tiiJMtf' 

RIVER BARS. 

The Causes of their Formation, and their Treatment by " Induced Tidal 
Scour " ; with a Description of the Successful Reduction b^ this Method of 
the Bar at Dublin. By 1. J. Mann, Assist. £ng. to the DubUn Port and Docks 
Board. Royal 8vo, cloth 7/6 

" We recommend all interested In harbour works— and, indeed, those concerned In the 
iniprorements of rivers generally— to read Mr. Mann's interesting work."— ^M^'Mcer. 

TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 

Embracing a Compnrehensive History of the Sj^tem; with an exhaustive 
Analysis of the Various Modes of Traction, including Horse Power^ Steam, 
Cable Traction,' Electric Traction, &c. ; a Description of the Varieties of 
Rolling Stock ; and ample Details of Cost and Working Expenses. New 
Edition, Thoroughly Revised, and Including the Progress recently made in 
Tramway Construction, &c, &c. By D. Kinnbar Clark, M. Inst. C.E. 
With 400 Illustrations. 8vo, 780 pp., buckram. 28/0 

" The new volimie is one which will rank, among tramway engineers and those interested In 
tramway working, with the Author's world-lamed book on railway machinery."— T'Af Engineer. 

SURVEYING AS PRACTISED BY CIVIL ENGINEERS 

AND 5URVBY0R5. 

Including the Setting-out of Works for Construction and Surveys Abroad, with 
many Examples taken from Actual Practice. A Handbook for use in the Field 
and the Office, intended also as a Text-book for Students. By John White- 
LAW, Tun., A.M. Inst. C.E., Author of " Points and Crossings. With about 

360 Illustrations. Demy 8vo, cloth Net 1 0/6 

" This work is written with admirable lucidity, and will certainly be found of distinct value 
both to students and to those engaged in actual practice."— TAf Builder, 

PRACTICAL SURVEYING. 

A Text-Book for Students preparing for Examinations or for Survey-work in 
the Colonies. By Gborgs W. Usill, A.M.I.C.E. With 4 Lithographic 
Plates and upwards of 330 Illustrations. Seventh Edition. Including Tables 
of Natural Sines, Tangents, Secants, &c. Crown 8vo, 7/6 cloth ; or, on Thin 
Paper, leather, gilt edges, rounded corners, for pocket use . . .1 2/6 

" The best forms of instnmMnts are described as to their construction, uses and modes 
of employment, and there are innumerable hints on work and equipment such as the author. In 
his experience as surveyor, draughtsman and teacher, has found necessary, juid which the student 
In his mezperience will find most serviceable."— i?n^'»««r. 

" The fir^ book which shoukl be put in the hands of a pupU of Civil Engineering."— 
Architect. 

AID TO SURVEY PRACTICE. 

For Reference in Surveying, Levelling, and Setting-out; and in Route Sur- 
veys of Travellers by Land and Sea. With Tables, Illustrations, and Records. 
By Lowis D'A. Jackson, A.M.I.C.E. Second Edition, Enlarged. 8vo, 

clSth . . . 12/6 

" Mr. Jackson has produced a valuable veuie-mectum for the surveyor. We can recommend 

this book as containing an admirable supplement to the teaching of the accomplished surveyor."— 

AtHtnetunu 

"The author brings to his work a fortunate union of theoqr and practical ecpeiknce whl^ 

aided by a clear and hidd style of writing, renders the book a very useful ane."-^M<Ukr. 
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SURVEYING WITH THE TACHEOMETER. 

A practical Manual for the nse of Civil and Military Engineers and Sorveyors. 
Including two series of Tables specially computed for the Reduction of 
Readings in Sexagesimal and in Centesimal Dqgnrees. By Neil Kbnnbdt, 
M. Inst. C.E. With Diagrams and Plates. Demy 8vo, cloth. Net 10/6 

" The work is rery clearly written, and should remove all difficulties Ifi the way of any surveyor 
desiions of maldnf use of this useful and rapid instrument."— Alo^rv. 

ENGINEER'S & MINING SURVEYOR'S FIELD BOOK. 

Consisting of a Series of Tables, with Rules, Explanations of Sjrstems, and 
use of Theodolite for Traverse Surveying and plotting the work with minute 
accuracy by means of Straight Ed|^e and Set Square only ; Levelling with the 
Theodolite, Setting*out Curves with and without the Theodolite, Earthwork 
Tables, &c. By W. Davis Haskoll, C.E. With numerous Woodcuts. 
Fourth Edition, Enlarged. Crown 8vo, cloth 12/0 

" The book is very handy ; the separate tables of sines and tuis^ents to every minute will make 
It usefiil for many other purposes, the genuine traverse tables existing all the %ajD&."'—AtH€*untm. 

LAND AND MARINE SURVEYING. 

In Reference to the Preparation of Plans for Roads and Railways ; Canals, 
Rivers, Towns' Water Supplies; Docks and Harbours. With Description 
and Use of Surveying Instruments. By W. Davis Haskoll, C.E. Second 
Bldition, Revised, wiUi Additions. Large crown 8vo, cloth . . 9/0 

" This book must prove of great value to the student. We have no hesitation in recom. 
mending It, feeling assured that it will more than repay a careful sita&y."— Mechanical World. 

" A most useful book for the student. We can strongly recommend it as a carefully-written 
and valtuble text-book. It enjoys a well-deserved repute among surveyors."— ^K^A^Irr. 

PRINCIPLES AND PRACTICE OF LEVELLING. 

Showing its Application to Purposes of Railway and Civil Engineering in 
the Construction of Roads ; with Mr. Telford's Rules for the same. By 
Frbdbrick W. Simms, M. Inst. C.E. Eighth Edition, with Law's Practical 
Examples for Setting-out Railway Curves, and Trautwinb's Field Practice 
of Laying-out Circular Curves. With 7 Plates and numerous Woodcuts. 
8vo 8/6 

" The text-book on levelling in most of our engineering schools and colleges."— ffuite^er. 
"The publishers have rendered a substantial service to the profession, especisuly to the 
yoanger memoers, by bringing out the present edition of Mr. Simms's useful •m<xA."—EHgin€triHi. 



AN OUTLINE OF THE METHOD OF CONDUCTING 

A TRIQONOMBTRICAL 5URVBY. 

For the Formation of Geographical and Topo^aphical Maps and Plans, Mili- 
tary Reconnaissance, LEVELLING, &c., with Useful Problems, Formulae, 
and Tables. ^By Lieut -General Frome, R.E. Fourth Edition, Revised and 
partly Re-written by Major-General Sir Charles Warren, G.C.M.G., R.E. 
with 19 Plates and Z15 Woodcuts, royal 8vo, cloth .... 1 6/0 

" No words of praise from us can strengthen the position so well and so steadily maintained 
by tUs woric Sir Charles Warren has revised the entire work, and made such additions as were 
necaasaiy to bring every portion of the contents up to the present daX»,"-~Broad Arrow, 



TABLE5 OF TANGENTIAL ANGLES AND MULTIPLES 

FOR 5BTTINQ.OUT CURVB5. 

From 5 to 900 Radius. B^ A. Bbazelet, M. Inst. C.E. 6th Edition, 

Revised. With an Appendix on the use of the Tables for Measuring up 

- Curves; Printed on 50 Cards, and sold in a cloth box, waistcoat-pocket size. 

3/6 

" Each table Is printed on a small card, which, placed on the theodolite, leaves the hands firec 
t> maolpoiate the instrument— no small advantage as regards the rapidity of worlc"— £»^M«rr. 

" Very handy : a man may know that all his day's work must fall on two of these cards, which 
he puts Into his own card-oase, and leaves the rest behind."— ^M<M<rw«». 

HANDY GENERAL EARTH-WORK TABLES. 

Giving the Dmtents in Cubic Yards of Centre and Slopes of Cuttings and 
Embuikments from 3 inches to 80 feet in Depth or Height, for nse with either 
66 faet Chain or 100 feet Cham. By J. H. Watson Buck, M. Inst. CE. 
On m Sheet mounted in doth case ..•••... 3/6 
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EARTHWORK TABLES. 

Showing the Contents in Cubic Yards of Embankments, Cuttings, ftc., of 
Httdbts or Depths up to an average of 80 feet. By Josbpm Broadbbnt, C.E., 
and Francis Campin, C.E. Crown 8v6, cloth 5'0 

" The way in which accuracy is attained, by a simple division of each cross section into three 
elements, two In which are constant and one Taiiable, if ingenious, "^jitken aum . 

A MANUAL ON EARTHWORK. 

By Albx. J. Graham, C.E. With numerous Diagrams. Second Editipa. 
x8mo, cloth Sl/6 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 

A Practical and Theoretical Essay. By T. H. Watson Buck, M. Inst C.E., 
Resident Engineer, L. and N. W. R. With Folding Plates, 8vo, cloth 1 2/0 

" Many of the methods given are of extreme practical value to the mason, and the obee r r a . 
tloos on the form of arch, the rules for ordering the stone, and the oonstraction of the templates, 
will be found of considerable use. We commend the book to the engineering ptoffsssfcii."— 
BuUdingr News. 

" will be regarded by civil engineers as of the utmost value, and catailated to save much 
time and obviate many mistakes. "—CpUitry Guardian. 

CAST & WROUGHT IRON BRIDGE CONSTRUCTION 

(A Complete and Practical Treatise on), including Ixaa Foundations. In 
Three Parts. — Theoretical, Practical, and Descriptive. By William Humbb&, 
A. M. Inst. C.E., and M. Inst. M.K. Third Edition, revised^ and much im> 
proved, with 1x5 Double Plates (90 of which now first appear in this editionX 
and ntimerous Additions to the Text In a vols., imp. 4to, half-bound in 

morocco £6 16b. 6o. 

" A veiy valuable contribution to the standard literature of civil engineering. In addition to 
elevations, plans, and sections, large scale details are given, which very much enhance the 
Instructive worth of those VX\xsXT2!t\oD&."— Civil Engituer and Architicfs y^umal. 

"Mr. Humber's stately volumes, lately issued~ln which the most important bridges 
erected during the last five years, under the direction of the late Mr. Brunei, Sir W. Cubitt, 
Mr. Hawkshaw, Mr. Page, Mr. Fowler, Mr. Hemans, and others among our most ynfawmt 
engineers, are drawn and specified in great detaiL"— ^m^'mmt. 

ESSAY ON OBLIQUE BRIDGES 

(Practical and Theoretical). With 13 large Plates. By the late Gborgb 
Watson Buck, M.I.CE. Fourth Edition, revised b^ his Son, J. H. Watson 
Buck, M.I.CE. ; and with the addition of Description to Diagrams for 
Facilitating the Construction of Oblique Bridges, by W. H. Barlow, M.I.CE. 
Royal 8vo, cloth 1 2/0 

" The standard text-book for all engineers regarding skew arches is Mr. Buck's treatise, 
and It would be impossible to consult a better."— Engineer. 

" Mr. Buck's treatise is recognised as a standard text-book, and his treatment has divested 
the subject of manv of the intricacies supposed to belong to it. As a guide to the engineer and 
architect, on a confessedly difficult subject, Mr. Buck's work is unsurpassed."— ^m^ZcUpv ASrwr. 



THE CONSTRUCTION OF OBLIQUE ARCHES 

(A Practical Treatise on). By John Hart. Third £kiition, with Plates. 
Imperial 8vo, cloth 8/0 

GRAPHIC AND ANALYTIC STATICS. 

In their Practical Application to the Treatment of Stresses in R00& Solid 

Girders, Lattice, Bowstring, and Suspension Bridges, Braced Iron Arches and 

Piers, and other Frameworks. By R. Hudson Graham, C.E. Containing 

Diagrams and Plates to Scale. With numerous Examples, many taken from 

existing Structures. Specially arranged for Class-work in Colleges and 

Universities. Second Edition, Revised and Enlarged. 8vo, cloth . 1 6/0 

" Mr. Graham's book will find a place wherever graphic and analytic statics are used or 
ttudled. "—Engrneer. 

" The work is excellent from a practice point of view, and has evidently been piepaied 
with much care. The directions for worlung are ample, and are illustrated by an abundance of 
well-selected examples. It is an excellent text-book for the practical draughtsman."— ^AcN^tiMM. 

WEIGHTS OF WROUGHT IRON & 5TEEL QIRDER5. 

A Graphic Table for Facilitating the Computation of the Weights of Wrou^t 
Iron and Steel Girders, &c., for Parliamentary and other Estimates. By 
J. H. Watson Buck, M. Inat. C.S. On m Sheet .... 2/0 
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GEOMETRY FOR TECHNICAL STUDENTS. 

An Introduction to Pure and Applied Geometry and the Mensuration of 
Surfaces and Solids, including Problems in Plane Geometry useful in Drawing. 
By B. H. Sprague, A.M.l.C.E. Crown 8vo, cloth, [/usi Published. Net 1/0 

PRACTICAL GEOMETRY. 

For the Architect, Engineer, and Mechanic ^ Giving Rales for the Delineation 
and Application of various Geometrical Lines, Figures, and Carves. By 
E. W. Tarn, M.A., Architect. 8vo, cloth 9/0 

" No book with the same objects in view has ever been published in which the clearness of 
the rules laid down and the illustrative diag^rams have been so satisfactory."-— S(W<lrMia»». 

THE GEOMETRY OF COMPASSES. 

Or. Problems Resolved by the mere Description of Circles and the Use of 
Coloured Diagranfis and Symbols. By Oliver Byrnb. Coloured Plates. 
Crown 8vo, cloth 3/6 

EXPERIMENTS ON THE FLEXURE OF BEAMS 

Resulting in the Discovery of New Laws of Failture by Buckling. By Albert 
E. Guv. Medium 8vo, cloth. \J%nt Published. Net 9/0 

HANDY BOOK FOR THE CALCULATION op STRAINS 

In Girders and Similar Structures and their Strength. Consisting of Formulae 
and Corresponding Diagrams, with numerous details for Practical Applica* 
tion, &c B^ WILLIAM HdMBER, A. M. Inst. C.E., &c Fifth Edition. 
Crown 8vo, with nearly zoo Woodcuts and 3 Plates, cloth . . . 7/Q 

" The formulae are neatly expressed, and the diasrams good."— A thenautH. 
" We heartily conunend this really handy book to our engineer and architect readers."— 
BngUth Mechanic. 

TRUSSES OF WOOD AND IRON. 

Practical Applications of Science in Determining the^ Stresses, Breaking 

Weights, Safe Loads, Scantlings, and Details of Construction. With Complete 

Working Drawings. By William Griffiths, Siunreyor. 8vo, cloth 4/6 

"This handy little book enters so minutely into every detail connected with the con- 
struction of roof trusses that no student need be ignorant of these vaaXXzrs."— Practical Enginetr, 

THE STRAINS ON STRUCTURES OF IRONWORK. 

With Practical Remarks on Iron Construction. By F. W. Shbilds, M.I.CE. 
8vo, cloth 5/0 

A TREATISE ON THE STRENGTH OF MATERIALS. 

With Rules for Application in Architecture, the Construction of Suspension 
Bridges, Railways, &c. By Peter Barlow, F.R.S. A new Edition, revised 
by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, F.R.S. ; to which 
are added, Experiments by Hodgkinson, Fairbairn, and Kirkaldy ; and 
Formulae for calculating Girders, &c. Edited by Wm. Humbbr, A.M.I.C.E. 
8vo, 400 pp., with X9 Plates and numerous Woodcuts, cloth . . .1 8/0 

" Vahiable alike to the student, tyro, and the experienced practftioner, It will always rank 
in future as it has hitherto done, as the standard treatise on that particular subject."— fyyiMMr. 

SAFE RAILWAY WORKING. 

A Treatise on Railway Accidents, their Cause and Prevention ; with a De* 
scription of Modem Appliances and Systems. By Clement E. Strbtton, 
CE. With Illustrations and Coloured Plates. Third Edition, Enlarged. 

Crown 8vo, cloth 3/6 

"A book for the engineer, the directors, the managrers; and, in short, all who wish for 

infonnatlon on railway matters will find a perfect encyclopaedia in 'Safe Railway Worldng.'"— > 

Raitway Review. 

EXPANSION OF STRUCTURES BY HEAT. 

By John Keilv, C.E., late of the Indian Public Works Department. Crown 

8vo, cloth 3/6 

" The aim the author has set before him, viz., to show the effects of heat upon metallic and 
other structures, is a laudaUe one, fbr this is a branch of phjrsics upon which the engineer or 
afcbksct can find but Httle reliable and comprehenslTe data in books."— ^Mtf/Ar. 
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PUBLICATIONS OF THE ENGINEERING 
STANDARDS COMMITTEE. 

The Engineering Standards CoMMiTTFiE is the outcome of a 
Committee appointed by the Institution of Civil Engineers at the instance 
of Sir John Wolfe Barry, K.C.B., to inquire into the advisability oi 
Standardising Rolled Iron and Steel Sections. 

The Committee is supported by the Institution of Civil Engineers, the 
Institution of Mechanical Engineers, the Institution of Naval Architects, 
the Iron and Steel Institute, and the Institution of Electrical Engineers ; 
and the value and importance of its labours has been emphatically 
recognised by his Majesty's Government, who have made a liberal grant 
from the Public Funds by way of contribution to the financial resources of 
the Committee. 

The subjects already dealt with, or under consideration by the 
Committee, include not only Rolled Iron and Steel Sections, but Tests 
for Iron and Steel Material used in the Construction of Ships and their 
Machinery, Bridges and General Building Construction, Railway Rolling 
Stock Underframes, Component Parts of Locomotives, Railway and 
Tramway Rails, Electrical Plant, Insulating Materials, Screw Threads and 
Limit Gauges, Pipe Flanges, Cement, &c. 

Reports already Published : — 

1. BRITISH STANDARD SECTIONS. 

List I, Equal Angles — List 2. Unequal Angles.— List 3. Bulb Angles. 
List 4. Bulb Tees. — List 5. Bulb Plates. — List 7. Channels. — List 8. 
Beams, F'cap. folio, sewed. l/usi Published. Net I/O 

2. BRITISH STANDARD TRAMWAY RAILS AND FISH 

PLATE5 : STANDARD SECTIONS AND SPECIFICATION. 

F'cap. folio, sewed. \Just Published. Net 21 /O 

3. REPORT ON THE INFLUENCE OF QAUQE LENGTH 

AND SECTION OF TEST BAR ON THE PERCENTAGE OF 
ELONGATION. 

By Professor W. C. Unwin, F.R.S. F'cap. folio, sewed. 

{Just Published. Net 2/6 

 

4. PROPERTIES OF STANDARD BEAMS. 

Demy 8vo, sewed. \Just Published. Net 1 /Q 
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MARINE ENGINEERING, SHIPBUILDING, 

NAVIGATION, ETC. 



THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 

POCKET-BOOK of Formuls, Rales, and Tables, and Marine Engineer's and 
Surveyor's Handy Book of Reference. By Clement Mackrow, M.I.N.A. 
Eighth Edition, Carefully Revised and Enlarged. Fcap., leather. JYei 1 2/6 

summary of contents :— signs and symbols, decimal fractions.— trigo- 
nometry.— practical geometry.— mensuration.— centres and moments of 
Figures, —moments of Inertia and Radii of gyration.— algebraical Expressions 
FOR Simpson's rules.— mechanical principles.— Centre of gravity.— Laws of 
Motion,— Displacement, Centre of Buoyancy.— Centre of Gravity of Ships 

hull.— STABILITY CURVES AND METACENTRES.— SEA AND SHALLOW-WATER WAVES. 

—rolling of ships.— propulsion and resistance of vessels.— speed trials.— 
Sailing Centre of Effort.— Distances dovw* Rivers, Coast Lines.— Steering and 
RUDDERS of Vessels.— Launching Calculations and Velocities.— weight of 
Material and gear. — gun particulars and weight.— Standard Gauges.— 
Riveted Joints and Riveting.— Strength and tests of Materials.- binding 
AND Shearing Stresses, &c.— Strength of Shafting, Pillars, Wheels, Ac- 
Hydraulic Data, &c. — Conic Sections, Catenarian Curves. — mechanical 
Powers, work.— board of trade Regulations for boilers and engines.— Board 
OF trade Regulations for ships.— Lloyd's Rules for Boilers.— Lloyd's weight 
of Chains.— Lloyd's scantlings for ships.— Data of engines and vessels.— 
ships' Fittings and tests.— Seasoning preserving Timber.— Measurement of 
Timber.- alloys, paints. Varnishes.— Data for stowage.— admiralty Trans- 
port REGULATIONS. — Rules for Horse-power, screw propellers, &c.— per- 
centages for Butt straps, &c.— Particulars of Yachts.— Masting and Rigging 
Vessels.— Distances of Foreign ports.— tonnage tables.— vocabulary of 
French and English Terms. — English weights and Measures. — Foreign 
Weights and measures.— Decimal Equivalents.- foreign money.— Discount 
and Wages Tables.— Useful Numbers and Ready Reckoners.— Tables of 
Circular measures.— Tables of areas of and Circumferences of Circles.— 
Tables of Areas of segments of Circles.— Tables of squares and Cubes and 
Roots of numbers.— Tables of Logarithms of Numbers.— Tables of hypeR' 
BOLic Logarithms.— Tables of Natural Sines, Tangents, &c.— Tables of 
Logarithmic sines, tangents, &c. 

" In these davs of advanced knowledg^e a work like this is of the greatest value. It contains 
a vast amount of information. We imhesitating^y say that it is the most valuable compilation for its 
specific purpose that has ever been printed. No naval architect, engineer, surveyor, seaman, 
wood or iron shipbuilder, can afford to be without this yroxk."— Nautical Mag-antu. 

" Should be used by all who are engaged in the construction or design of vessels. . . . Will 
be found to contain the most useful tables and formulae required by shipbuilders, carefully collected 
from the best authorities, and put together in a popular and simple form. The book is one of 
exceptional merit." — Engineer , 

" The professional shipbuilder has now, in a convenient and accessible form, reliable data for 
solving many of the numerous problems that present themselves in the course of hiis work."— /roM. 

" There is no doubt that a pocket-book of this description must be a necessity in the ship> 
building trade. . . The volume contains a mass of useful information clearly expressed and 
presented in a handy iovxn." —Marine Engineer, • 

WANNAN'5 MARINE ENOINEER'5 GUIDE 

To Board of Trade E^xaminations for Certificates of Competency. Containing 
all Latest Questions to Date, with Simple, Clear, and Correct Solutions ; 
302 Elementary Questions with Illustrated Answers, and Verbal Questions 
and Answers ; complete Set of Drawings with Statements completed. By 
A. C. Wannan,C.E., Consulting Engineer, and E. W. I. Wannan, M.I.M.E., 
Certificated First Class Marine Engineer. With ntunerous Engravings. Third 
Edition, Enlarged. 500 pages. Large crown 8vo, cloth . . Net 1 0/6 
" The book b clearly and plainly written and avoids unnecessary explanations and formulas, 
and we consider it a valuable book for students of marine engineering."— AioM^'ca/ Magazine. 

WANNAN'S MARINE ENGINEER'S POCKET-BOOIC. 

Containing Latest Board of Trade Rules and Data for Marine Engineers. 
By A. C. Wannan. Third Edition, Revised, Enlarged, and Brought up to 
Date. Square iSmo, with thumb Index, leather. [Jitst Published. 6/0 

"There is a ^freat deal of useful information in this little pocket-book. It is of the nile-of 
thumb order, and is, on that account, well adapted to the uses of the sea-going engineer."— 
EMgineer. 

THE SHIPBUILDING INDUSTRY OF GERMANY. 

Compiled and Edited by G. Lehmann-Felskowski. With Coloured Prints, 
Art Supplements, and numerous Illustrations throughout the text. Super- 
royal 4to, cloth. [/«J/ Published. Net 1 0/6 
L. B 
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SEA TERMS, PHRASES, AND WORDS 

(Technical Dictionary of) naed in the English and French Langoages 
(English- French^ French-English). For the Use of Seamen, Engineers, PilotSi 
Shipbuilders, Shipowners, and Ship-brokers. Compiled by W. Firsib, late of 
the African Steamship Company. Fcap. 8vo, cloth limp . . 5/0 



" This volume' win be highly appreciated by twinifin, englneen, pilots, shipbullden and ship- 
- '' — "' *-- found wonaeniiUy accurate and i "-*- *■"■* 



owners. It will be found wondeniiUy accurate and complete.' —<Sai^r>fiaM. 

" A very usefixl dictionary, which has loi ' 
masteis, officers and others."— sSAv^>v ff^'^' 



" A very usefiU dictionary^ which has Ion? been wanted by French and English englneen. 



ELECTRIC SHIP-LIOHTINQ. 

A Handbook on the Practical Fitting and Running of Ships' Electrical Plant, 




With numerous Illustrations. Crown 8vo, cloUi 7/6 

MARINE ENGINEER'S POCKET-BOOK. 

Consisting of useful Tables and Formulae. By Frank Proctok, A.I.N.A. 

Third Edition. Royal samo, leather 4/0 

" We recommend It to our readers as going £ar to supp^ a long-Celt want"—A!smi/ Sdenct. 
" A most useful companion to all marine engineers."— CAhAm? Servict GoMtUt, 

ELEMENTARY MARINE ENOINEERINQ. 

A Manual for Young Marine Engineers and Apprentices. ^ In the Form of 

Questions and Answers on Metals, Alloys, Strength of Materials, Construction 

and Management of Marine Engines and Boilers, Geometry^ &c With 

an Appendix of Useful Tables. By J. S. Brbwbr. Crown 8vo, cloth 1/6 

" Contains much valuable information for the class for whom it is 1 tended, especially in the 
chapters on the management of boilers and engines."— AicMiJfai/ MtvoMine. 

MARINE ENGINES AND STEAM VESSELS. 

A Treatise on. By Robert Murray, CE. Eighth Edition, thoroughly 
Revised, with considerable Additions by the Author and by Grorgb 
Carlisle, C.E., Senior Surveyor to the Board of Trade at Liverpool. Crown 
8vo, cloth 4/6 

PRACTICAL NAVIGATION. 

Consisting of The Sailor's Sea-Book, by Jambs Greenwood and W. H. 
Rossbr; together with the requisite Mathematical and Nautical Tables for 
the Working of the Problems, by Henry Law, C.E., and Professor J. R. 
Young. Illustrated, xamo, strongly half-bound 7/0 

THE ART AND SCIENCE OF SAILMAKING. 

Bv Samuel B. Sadler, Practical Sailmaker, late in the employment of 
Messrs. Ratsey and Lapthome, of Cowes and Gosport. With Plates and 
other Illustrations. Small 4to, cloth 1 2/6 

" This extremely practical work gives a complete education in all the branches of the manu- 
facture, cutting out, roping, seaming, and goring. It is copiously illustrated, and will form a first- 
rate text-book and guioio. —PcrtsmotUh Ttmts. 

CHAIN CABLES AND CHAINS. 

Comprising Sizes and Curves of Links, Studs, &c.. Iron for Cables and Chains, 

Chain Cable and Chain Making, Forming and Welding Links, Strength of 

Cables and Chains, Certificates for Cables, Marking Cables, Prices of Chain 

Cables and Chains, Historical Notes, Acts of Parliament, Statutory Tests, 

Charges for Testing, List of Manufacturers of Cables, &c, &c Bv 

Thomas W. Traill, F.E.R.N., M.Inst.C.£., £ngineer-Surveyor-in«Chiet, 

Board of Trade, Inspector of Chain Cable and Anchor Proving Establishments, 

and General Superintendent Lloyd's Committee on Proving Establishments. 

With numerous Tables, Illustrations, and Lithographic Drawings. Folio, 

doth, bevelled boards £2 2s. 

" It contains a rust amount of valuable Information. Nothfaig seems to be wanting to make It 
a complete and standard work of fefaaance oo the sabfect."— iV«M)fee/ Mmgujhm, 
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MINING, METALLURGY, AND 
COLLIERY WORKING. 



THE OIL FIELDS OF RUSSIA AND THE RUSSIAN 

PETROLEUM INDUSTRY. 

A Practical Handbook on the Exploration, Exploitation, and Management 
of Russian Oil Properties, including Notes on the Origin of Petroleum in 
Russia, a Description of the Theory and Practice of Liquid Fuel, and a 
Translation of the Rules and Regulations concerning Russian Oil Properties. 
By A. Beeby Thompson, A.M.I.M.E., late Chief Engineer and Manager of 
the European Petroleum Company's Russian Oil Properties. About 500 pp. 
With numerous Illustrations and Photographic Plates, and a Map of the 
Balakhany-Saboontchy-Romany Oil Field. Super-royal 8vo, cloth. 

[/usi Published. Net £3 Ss. 

MACHINERY FOR METALLIFEROUS MINES. 

A Practical Treatise for Mining Engineers, Metallurgists, and Managers of 

Mines. By E. Henry Davibs, M.E., F.G.S. 600 pp. With Folding Plates 

and other Illustrations. Medium 8vo, cloth .... Net 25/0 

y Deals exhaustively with the many and complex details which %q to make up the sum total of 

machinery and other requirements for the successful working of metalliferous mineg, and as a book 

of ready reference is of the highest value to mine managers and directois."— iW»«i«^ y<mmal. 

THE DEEP LEVEL MINES OF THE RAND. 

And their Future Development, considered from the Commercial Point of View. 
By G. A. Denny (of Johannesburg), M.N.E.I.M.E., Consulting Engineer to 
the General Mining and Finance Corporation, Ltd., of London, Berlin, Paris, 
and Johannesburg. Fully Illustrated with Diagrams and Folding Plates. 
Royal 8vo, buckram Net 25/0 
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' Mr. Denny by confining himself to the consideration of the future of the deep-level mines 
of the Rand breaks new ground, and by dealing with the subject rather from a commercial stand- 
point than from a scientific one, appeals to a wide circle of readers. The book cannot fail to prove 
of very great value to investors in South African vaxxas." —Mining yournal. 

PROSPECTING FOR GOLD. 

A Handbook of Information and Hints for Prospectors based on Personal 
Experience. By Danibl J. Rankin, F.R.S.G.S., M.R.A.S., formerly 
Manager of the Central African Company, and Leader of African Gold Pros- 
pecting Expeditions. With Illustrations specially Drawn and Engraved for 
the Work F'cap. 8vo, leather Net 7/6 

"This well-compiled book contains a collection of the richest gems of useful knowledge for 
the prospector's benefit. A special table is given to accelerate the spotting at a glance of mineraJs 
associated with gold."— J/tntM;^ yournal. 

THE METALLURGY OF GOLD. 

A Practical Treatise on the Metallurgical Treatment ot Gold-bearing Ores. 
Including the Assaying, Melting, and Refining of Gold. By M. Eissler, 
M. Inst. M.M. Fifth Edition, Enlarged. With over 300 Illustrations and 
numerous Folding Plates. Medium 8vo, cloth ... 1 JVir/21/0 

" This book thoroughly deserves its title of a ' Practical Treatise.' The whole process of gold 
mmJng, from the breaking or the quartz to the assay of the bullion, is described in clear and orderiy 
narrative and with much, out not too much, fUlness of A<e!(xL" —Saturday Review. 

THE CYANIDE PR0CE55 OF GOLD EXTRACTION. 

And its Practical Application on the Witwatersrand Gold Fields and elsewhere. 

By M. Eissler, M. Inst. M.M. With Diagrams and Working Drawings. 

Third Edition, Revised and Enlarged. 8vo, cloth .... Ntt 7/6 

"This book is iust what was needed to acquaint mining men with the actual working of a 
process which is not only the most popular, but lis, as a general rule, the most successfid for the 
extraction of gold from tailings."— AfiniMtf^ yournal. 

DIAMOND DRILLING FOR GOLD & OTHER MINERALS. 

A Practical Handbook on the Use of Modem Diamond Core Drills in Pro- 
^>ecting and Exploiting Mineral-Bearing Properties, including Particulars of 
the Costs of Apparattis and Working. By G. A. Denny, M.N.E. Inst. M.E., 
M. Inst. M.M. Medium 8vo, x68 pp., with Illustrative Diagrams . 1 2/6 

" There is certainly scope for a work on diamond drilling, and Mr. Denny deserves grateful 
recognition for supplying a decided ynxA*"— Mining yournal. 
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GOLD ASSAYING. 

A Practical Handbook for Assayers, Bankers, Chemists, Bullion Smelters, 
Goldsmiths, Mining and Metallurgical Engineers, Prospectors, Students, and 
others. By H. Joshua Phillips, F.I.C, F.C.S., A.I.C.E., Author of 
" Engineering Chemistry," etc. Large Crown 8vo, cloth. 

l/usf ready y price about 7/6 net. 

FIELD TESTING FOR GOLD AND SILVER: 

A Practical Manual for Prospectors and Miners. By W. H. Mbrritt, 
M.N.E. Inst. M.E., A.R.S.M., &c. With Photographic Plates and other 

Illustrations. Fcap. 8vo, leather Net SIO 

" As an instructor of prospectors' classes Mr. Merritt has the advantag'e of knowing 
exactly the information likely to be most valuable to the miner in the field. The contents cover 
all the details of sampling and testing gold and silver ores. A useful addition to a prospector's 
kit."— ^»«»«^ youmal. 

THE PROSPECTOR'S HANDBOOK. 

A Guide for the Prospector and Traveller in search of Metal-Bearing or other 

Valuable Minerals. By J. W. Anderson, M.A. (Camb.), F.R.G.S. Ninth 

Edition. Small crown 8vo, 3/6 cloth ; or, leather .... 4/6 

" Will supply a much-felt want, especially among Colonists, In whose way are so often thrown 

many mineralogical specimens the value of which it is difficult to ^leitieasAaa."— Engineer. 

" How to find commercial minerals, and how to identify them when they axe found, are the 
leading points to which attention is directed. The author has managed to pack as much practical 
detail Into his pages as would supply material for a book three times its siae. ~1AIm^«v' y«t4miU. 

THE METALLURGY OF SILVER. 

A Practical Treatise on the Amalgamation, Roasting^, and Lixiviadon of Silver 

Ores. Including the Assaying, Melting^ and Refimng of Silver Bullion. By 

M. EissLER, M.Inst. M.M. Third Edition. Crown 8vo, doth . 10/6 

'* A practical treatise, and a technical work which we are convinced will supply a long-felt 

want amongst practical men, and at the same time be of value to students and others indirectly 

connected with the industries."— Afmtnf- yournal. 

THE HYDRO-METALLURGY OF COPPER. 

Being an Account of Processes Adopted in the Hydro-Metallurgical Treat- 
ment of Cupriferous Ores, Including the Manufacture of Copper Vitriol, with 
Chapters on the Sources of Supply of Copper and the Roasting of Copper Ores. 
By M. EissLER, M. Inst. M.M. 8vo, cloth .... Net 12/9 

" In this volume the various processes for the extraction of cofiper by wet methods are fully 
detailed. Costs are given when available, and a great deal of useful informati >n about the copper 
industry of the world is presented in an interesting and attractive manner."— ^mtM^ yournal. 

THE METALLURGY OF ARGENTIFEROUS LEAD. 

A Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of 
Lead Bullion. Including Reports on various Smelting Establishments and 
Descriptions of Modem Smelting Furnaces and Plants in Europe and America. 
By M. EissLER, M. Inst. M.M., Author of "The Metallurgy of Gold," &c. 
Crown 8vo, 400 pp., with 183 Illustrations, cloth *! 2/6 

" The numerous metallurgical processes, which are fully and extensively treated of, embrace 
all the stages experienced in the passage of the lead from the various natural states to its issue from 
the refinery as an article oi cotametc^.— Practical Engineer. 

METALLIFEROUS MINERALS AND MINING. 

By D. C. Davies, F.G.S. Sixth Edition, thoroughly Revised and much 

Enlarged by his Son, E. Henry Davies, M.E., F.G.S. 600 pp., with 173 

Illustrations. Large crown Bvo, cloth Net 1 2/6 

" Neither the practical miner nor the general reader, interested in mines, can have a better 
book for his comp>anion and his guide."— AftMi^^ yournal. 

EARTHY AND OTHER MINERALS AND MINING. 

By D. C. Davies, F.G.S., Author of " Metalliferous Minerals," &c. Third 
Edition, Revised and Enlarged by his Son, E. Henry Davies, M.E., F.G.S. 

With about 100 Illustrations. Crown 8vo, cloth 1 2/6 

" We do not remember to have met with any English work on mining matters that coatains 
the same amount of infonnation packed in equally convenient fotm."-^Acaaen^, 

BRITISH MINING. 

A Treatise on the History, Discovery, Practical Developmtnt, and Tntuxt 
Prospects of Metalliferous Mines in the United Ktngcumi. By Robert 
Hunt, F.R.S., late Keeper of Mining Records. Upwwds of 950 pp., with 
330 Illustrations. Second Edition, Revised. Saper*royal 8vo, cloth ^2 2si 
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POCKET-BOOK FOR MINERS AND METALLURGISTS. 

Comprising Rules, Formulae, Tables, and Notes for Use in Field and Office 

Work. By F. Danvbrs Power, F.G.S., M.E. Second Edition, Corrected. 

Fcap. 8vo, leather 9/0 

" This excellent book is an admirable example of its Idnd, and ought to find a la^^ sale 
amongst English-spealdngf prospectors and minii^ eiafpaeexs."—Bn£iHeerin£. 

THE MINER'S HANDBOOK. 

A .Handy Book of Reference on the subjects of Mineral Deposits, Mining 
Operations, Ore Dressing, &c. For the Use of Students and others interested 
in Mining Matters. Compiled by John Milne, F.R.S., Professor of Mining 
in the Imperial University of Japan. Third Eklition. Fcap. &vo, leather 7/6 
"Professor Milne's handbook is sure to be received with faToar by all connected with 
milling, and will be extremely popular among stadeDts."—Atfunaufn, 

IRON ORES of GREAT BRITAIN and IRELAND. 

Their Mode of Occurrence, Age and Origin, and the Methods of Searching for 
and Working Them. With a Notice of some of the Iron Ores of Spain. By 
J. D. Kendall, F.G.S., Mining Engineer. Crown 8vo, cloth . . 16/0 

MINE DRAINAGE. 

A Complete Practical Treatise on Direct-Acting Underground Steam 
Pumping Machinery. By Stephen Michell. Second Edition, Re«written 
and Enlarged. With 350 Illustrations. Royal 8vo, cloth . Net 25/0 

HORIZONTAL PUMPING ENGINES.— ROTARY AND NON-ROTARY HORIZONTAL 

ENGINES SIMPLE AND COMPOUND STEAM PUMPS.— VERTICAL PUMPING ENGINES.— 

ROTARY AND NON-ROTARY VERTICAL ENGINES.— SIMPLE AND COMPOUND STEAM 
PUMPS. — TRIPLE-EXPANSION STEAM PUMPS. — PULSATING STEAM PUMPS. — PUMP 

VALVES.— Sinking Pumps, &c., &c. 

"This volume contadns an immense amount of important and interesting^ new matter. 
The book should undoubtedly prove of great use to all who wish for information on the sub- 
ject." — The Engineer. 

ELECTRICITY AS APPLIED TO MINING. 

By Arnold Lupton, M.Inst.C.E., M.I.M.E., M.I.E.E., late Professor of 
Coal Mining at the Yorkshire College, Victoria University, Mining Engineer 
and Colliery Manager; G. D. Aspinall Parr, M.I.E.E., A.M.I. M.E., 
Associate of the Central Technical College, City and Guilds of London, Head 
of the Electrical Engineering Department, Yorkshire College, Victoria 
University ; and Herbert Pbrkin, M.I.M.E., Certified Colliery Manager, 
Assistant Lecturer in the Mining Department of the Yorkshire College, 
Victoria University. With about 170 Illustrations. Medium 8vo, cloth. 

Net 9/0 

(For Summary of contents, see page 23.) 

THE COLLIERY MANAQER'5 HANDBOOK. 

A Comprehensive Treatise on the Laying-out and Working of Collieries, 
Designed as a Book of Reference for Colliery Managers, and for the Use of Coal 
Mining Students preparing for First-class Certificates. By Caleb Pambly, 
Mining Engineer and Surveyor ; Member of the North of England Institute of 
Mining and Mechanical Engineers ; and Member of the South Wales Institute 
of Mining Engineers. With 700 Plans, Diagrams, and other Illustrations. 
Fourth Edition, Revised and Enlarged. 964 pp. Medium 8vo, cloth £1 fis. 

Geology.— Search for Coal.— Mineral Leases and other Holdings.— 
SHAFT Sinking.— Fitting Up the Shaft and Surface arrangements.— Steam 
Boilers and their Fittings.— timbering and walling.— Narrow work and 
methods of working. — Underground Conveyance. — Drainage.— the Gases 
MET WITH in Mines ; Ventilation. — on the friction of air in mines. — The 
PRiESTMAN Oil Engine ; Petroleum and Natural Gas. — Surveying and 
Planning.— Safety Lamps and Firedamp Detectors.- Sundry and incidental 
Operations and appliances.— Colliery Explosions.— Miscellaneous Questions 
AND KvsyiB.K&.—Afpmdix: Summary of Report of H.M. Commissioners on 
Accidents in Mines. 

" Mr. Pamely's work is eminently suited to the purpose or which it is intended, beingf clear, 
Interesting, exhaustive, rich in detail, and up to date, giving descriptions of the latest machines in 
every deiKurtmeot. A mining engineer could scarcely go wrong who followed this •waA."— Colliery 
Guardian. 

" Mr. Pamely has not only ^ven us a comprehensive reference book of a very high order 
saitabte to the requirements of mming eMvieers and colliery managers, but has also provided 
mining students with a class-book that is as mteresting as it is instructive."— C«//»«ry Mana£rer. 

"This Is the most complete 'all-iound work on coal-minfaig published in the cngUsh 
language. ... No library of coal-mining books Is complete without ^"-^oUiery Bng^ietr 
(Scranton, Pa., U.S.A.S 
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COLLIERY WORKING AND MANAQBMBNT. 

Comprisii^ the Duties of a Colliery Manager, the Oversight and Arrange- 
ment of ^boar and Wages, and the different Systems of Working Coal 
Seams. By H. F. Bulmam and R. A. S. Rbdmatnb. 350 pp., with 
98 Plates and other Illustrations, including Underground Photographs. 
Medium 8vo, cloth. 1 o/O 

"This is, Indeed, an admirable Handboolc for CoDlerT Managen, in fact It is an Indispensable 
a<!Dunct to a Colliery Manaj^s education, as well as being a most useful and interesting worte 
on the subject for all who in any way have to do with coal mimng. The undeiground photographs 
are an attractive feature of the woric, being very lifelike and necessarily true representations of the 
scenes they depict."— Ctf/Ztlery GumrtUan. 

" Mr. Bulman and Mr. Redmayne, who are both experienced Colliery Managers of greet 
ttterary ability, are te be congratulated on having suppUed an authoritative ^voiie dealing with a side 
of the subject of coal minuig which has hitherto received but scant treatment. The authors 
elucidate their text by xio woodcuts and 38 plates, most of the latter being admirable reproductions 
of photmnraphs taken underground with the aid of the magnesium flash-lis^t. These ilhistratioas 
are exceUent."— ASs/wr*. 

COAL AND COAL MINING. 

By the late Sir Warington W. Smyth, M.A., F.R.S., Chief Inspector of the 

Mines of the Crown and c€ the Duchy of Cornwall. Eighth Ekiition, Revised 

and Extended by T. Forstbr Brown, Mining and Civil Engineer, Chief 

Inspector of the Mines of the Crown and of the Duchy of Cornwall. Crown 

8vo, cloth. 3/6 

" As an outline is given of eveiy known coal-field in this and other countries, as well as of the 
principal methods of working, the book will doubtless interest a very large number of readers."— 
Mining' journal. 

NOTES AND FORMUL>C FOR MINING STUDENTS. 

By ToHN Herman Merivalb. M.A., Late Professor of Mining in the Durham 
College of Science, Newcastle-upon-Tyne. Fourth Edition, Revised and 
Enlarged. By H. F. Bulman, A.M.Inst.C.E. Small crown 8vo, cloth. 2/6 
* The author has done his work in a creditable manner, and has produced a book thai wu 
be of service to students and those who are practically engaged in mining operations/'— £Mtf^«i«er. 
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INFLAMMABLE GAS AND VAPOUR IN THE AIR 

(The Detection and Measurement of). By Frank Clowss, D.Sc, Lond., 
F.I.C. With a Chapter on Thb Dbtbction and Mbasurbment of Pbtro- 
LBUM Vapour by Bovbrton Redwood, F.R.S.E., Consulting Adviser to the 
Corporation of London under the Petroleum Acts, Crown 8vo. cloth. Nti 6/0 
" Professor Clowes lias given us a volume on a subject of much industrial importance . . . 
Those hiterested in these matters may be recommended to study this book, which b easy of compre- 
hension and contains many good things."— T'A/ Engineer. 

COAL & IRON INDUSTRIES of the UNITED KINGDOM. 

Comprising a Description of the Coal Fields, and of the Principal Seams of 
Coal^ with Returns of their Produce and its Distribution, and Analyses of 
Special Varieties. Also, an Account of the Occurrence of Iron Ores in Veins or 
Seams ; Analyses of each Variety ; and a History of the Rise and 'Pxogttss gf 
Pig Iron Manufacture. By Richard Mbadb. 8vo, cloth . £1 8a. 

" Of this book we may unreservedly say that it is the best of its class which we have ever 

met. ... A book of reference which no one engaged in the iron or coal trades should omit from 

his library."— /npM and Coal TratUs Review. 

A5BE5T05 AND A5BE5TIC. 

Their Properties. Occurrence, and Use. By Robert H. Tones, F.S.A., 
Mineral(^st, Hon. Mem. Asbestos Club, Black Lake, Canada. With 
Ten Collotype Plates and other Illustrations. Demy 8vo, cloth. . 1 6/0 
" An interesting and invaluable 'woA."—CoUitry Guardian. 

GRANITES AND OUR GRANITE INDUSTRIES. 

By George F. Harris, F.G.S. With Illustrations. Crown 8vo, cloth 2/6 

TRAVERSE TABLES. 

For use in Mine Sunrejring. By William Lintbbn, C.£. With two plates. 
Small crown 8vo, cloth Ifgt 8/0 
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ENGINEERING, ETC. 



THE ELEMENTS OF ELECTRICAL ENQINEERINQ. 

A First Year's Course for Students. By Tyson Sbwbll, A.I.E.E., Assistant 
Lecturer and Demonstrator in Electrical Engineering at the Polytechnic, 
Regent Street, London. Second Edition, Revised, with Additional Chapters 
on Alternating Current Working, and Appendix of Questions and Answers. 
450 pages, with 274 Illustrations. Demy 8 vo, cloth. [Just Published. Net 7/6 

Ohm's Law.— units Employed in Electrical Engineering. -Series and 
Parallel Circuits"; current Density and potential drop in the Circuit.— 
the heating effect of the electric current.— the magnetic effect of an 
Electric Current.— the Magnetisation of iron.— Electro-chemistry; Primary 
battbries.—accumulators.— indicating instruments; ammeters, voltmeters, 
Ohmmeters.— Electricity supply Meters.— Measuring instruments, and the 
measurement of electrical resistance.' — measurement of potential dif- 
FERENCE, Capacity, Current Strength, and permeability.— Arc Lamps.— Incan- 
descent LAMPS; Manufacture and installation; Photometry. — the Con- 
tinuous Current Dynamo.— Direct Current motors.— alternating currents, 
—transformers, Alternators, Synchronous Motors.— Polyphase working.— 
Appendix of Questions and answers. 

"An excellent treatise for students of the elementary facts connected with electrical 
enfi^neerins^." — The Electrician. 

" One of the best books for those commencinsr the study of electrical engineering:. Every- 
thing is explained in simple language which even a beginner cannot fail to understand." — Engineer. 

" One welcomes this book, which is sound in its treatment, and admirably calculated to give 
students the knowledge and information they most require."— Wo/Mfv. 

CONDUCTORS FOR ELECTRICAL DISTRIBUTION. 

Their Materials and Manufacture, The Calculation of Circuits, Pole-Line 
Construction, Underground Working, and other Uses. By F. A. <J. Psrrinb, 
A.M., D.Sc. ; formerly Professor of Electrical Engineering, Leland Stanford, 
Jr., University ; M.Amer.LE.E. 8vo, cloth. [Just Published. Net QQI'' 

Conductor Materials— Alloyed conductors— Manufacture of Wire— 
Wire-Finishing— Wire Insulation— Cables— Calculation of Circuits— Kelvin's 
Law OF Economy in Conductors— Multiple Arc Distribution— alternating 
CURRENT Calculation— OVERHEAD Lines— Pole Line— Line insulators— Under. 
GROUND Conductors. 

WIRELE55 TELEGRAPHY; 

Its Origins, Development, Inventions, and Apparatus. By Charles Henry 
Skwall. With 85 Diagrams and Illustrations. Demy Bvo, cloth. 

[Just Published. Net 10/6 

ARMATURE WINDINGS OF DIRECT CURRENT 

DYNAMOS. V. 

Extension and Application of a General Winding Rule. By E. Arnold, 
Engineer. Assistant Professor in Elect rotechnics and Machine Design at the 
Riga Polytechnic School. Translated from the Original German by Francis 
B. De Gress, M.B , Chief of Testing Department, Crocker- Wheeler Com- 
pany. Wich 146 Illustrations. Medium Bvo, cloth . . . JVir/ 12/~ 

ELECTRICITY AS APPLIED TO MINING. 

By Arnold Lupton, M.Inst C.E., M.I.M.E., M.I.E.E., late Professor of 
CoaJ Mining at the Yorkshire College, Victoria University, Mining Engineer 
and Colliery Manager; G. D. Aspinall Parr, M.I.E.E., A M.I.M.E., 
Associate of the Central Technical College, City ai;d Guilds of London, Head 
of the Electrical Engineering Department, Yorkshire College, Victoria 
University; and Herbert Parkin, M I.M E. Certificated Ci lliery Manager, 
Assistant Lectwer in the Mining Department of the Yorkshire College, 
Victoria Univcraty. With about 170 Illustrations. Medium 8vo, cloth. Net 9/ " 

Introductory. — Dynamic Electricity. — Driving of the Dynamo. — the 
Steam turbine.— Distribution of electrical energy.— Starting and Stopping 
electrical Generators and motors.— electric Cables.— Central Electrical 
plants.— Electricity applied to Pumping and Hauling.— Electricity applied 

TO COAL-CUTTING.— typical ELECTRIC PLANTS RECENTLY ERECTED. — ELECTRIC 

lighting by arc and glow lamps— miscellaneous applications of electricity 
—electricity as compared with other modes qf transmitting power,-r 
Dangers of electricity. 
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DYNAMO, MOTOR AND SWITCHBOARD CIRCUITS 

FOR ELECTRICAL BNQINBERS. 

A Practical Handbook dealing with Direct, Alternating and Polyphase 
Currents. By William R. Bowkbr, C.E., M.E., E.E., Lecturer on Physics 
and Electrical Engineering at the Municipal Technical School, Bury. 8vo, 
cloth. [jusi ready ^ price about 6/0 net. 

DYNAMO ELECTRIC MACHlNEfeY: Its CONSTRUC- 
TION. DESIGN, and OPERATION. 

By Samubl Sheldon, A.M., Ph.D , Professor of Physics and Electrical 
Engineering at the Polytechnic Institute of Brooklyn, assisted by Hob art 
Mason, BS. 

In two volumes, sold separately, as follows : — 
Vol. L— DIRECT CURRENT MACHINES. Third Edition, Revised. Large 
crown 8vo. 380 pages, with 200 Illustrations . . J\ret 1 2/0 
Vol. II.— ALTERNATING CURRENT MACHINES. Large crown 8vo. 260 

pages, with 184 Illu<«trations ^et 1 2/0 

Desififned as Text-books for use in Technical Educational Institutions, and by Ens^eers 
whose work includes the handlinir of Direct and Alternating Current Machines respectively, and 
for Students proficient in mathematics. 

ELECTRICAL AND MAGNETIC CALCULATIONS, 

For the Use of Electrical Engineers and Artisans, Teachers, Students, and all 
others interested in the Theory and Application of Electricity and Magnetism. 
Bv A. A. Atkinson, Professor of Electricity in Ohio University. Crown 8vo, 
cloth Net 9/0 

" To teachers and those who already possess a fair knowledge of their subject we can recom- 
mend this book as being' useful to consult when requiring data or formulae which it is neither con- 
venient nor necessary to retain by memory,"— The Electrician. 

SUBMARINE TELEGRAPHS. 

Their History, Construction, and Working. Founded in part on WOnschbn* 
dorff's " Trait6 de T616graphie Sous-Marine," and Compiled from Authorita* 
tive and Exclusive Sources. ByCHARLBS Bright, F.R.S.E., A.M.Inst.C.E., 
M.I.E.E. 780 pp., fully Illustrated, including Maps and Folding Plates. 
Royal 8vo, cloth Net £3 Sa, 

" There are few, if any, persons more fitted to write a treatise on submarine telegraphy than 
Mr. Charles Bright. He has done his work admirably, and has written in a way which will 
appeal as much to the layman as to the engineer. This admirable volume must, for many years to 
come, hold the position of the English clasnc on submarine te\Kgn.phy."— Engineer. 

" This book is full of information. It makes a book of reference which should be in every 
engineer's library."— A'a/wr*. 

" Mr. Bright's interestingly written and admirably illustrated book will meet with a wekome 
reception from cable meti,"—EiectHcian. 

"The author deals with his subject from all points of view— political and strategical as well as 
scientific. The work will be of interest, not only to men of Kience, but to the general public. We 
can strongly recommend it."— A thenaum. 

THE ELECTRICAL ENGINEER'S POCKET-BOOK. 

Consisting of Modem Rules, Formulae, Tables, and Data. By H. R. Kbmpb, 
M.I.E.E., A.M.Inst.C.E., Technical Officer Postal Telegraphs, Author of 
"A Handbook of Electrical Testing," &c. Second Edition, thoroughly 
Revised, with Additions. With numerous Illustrations. Royal aamo, oblong, 
leather 0/0 

" It is the best book of its kind."— Electrical Engineer. 

" The Electrical Engineer's Pocket-Book is a good oa»."—Blectrieian, 

" Strongly recommended to those engaged in the electrical industries."— ^/iecMctf/ Review ^ 

POWER TRANSMITTED BY ELECTRICITY. 

And applied by the Electric Motor, including Electric Railway Construction. 
By P. Atkinson, A.M., Ph.D. Third Edition, Fully Revised, and New 
Matter added. With 94 Illustrations. Crown 8vo, cloth . . Net 9/0 

DYNAMIC ELECTRICITY AND MAGNETISM. 

Bv Philip Atkinson, A.M., Ph.D.j Author of "Elements of Static 
Glectricity," j^c Crpwn 8vo, 417 pp., with zao IllustrAtipns, cloth . 10/fi 
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THE MANAQEMENT OP DYNAMOS. 

A Handybook of Theory and Practice for the Use of Mechanics, Engineers, 
Students, and others in Charge of Dynamos. By G. W. Lummis-Patsrson. 

Third Edition, Revised. Crown 8vo, cloth 4/6 

" An example which deserves to be taken as a model by other authors. The subject is treated 
in a manner which any inteUigent man who is fit to be entrusted with chargfe of an engine should 
be able to understand. It is a useful book to all who make, tend, or employ electric machinery." 
—Archiua. 

THE STANDARD ELECTRICAL DICTIONARY. 

A Popular Encyclopaedia of Words and Terms Used in the Practice of Electrical 
Engineering. Containing upwards of 3,000 definitions, By T. O'Conor 
Sloans, A.M., Ph.D. Thiid Edition, with Appendix. Crown 8vo, 690 pp., 

3QO Illustrations, cloth Net 7/6 

" The work has many a t trac t iv e features in it, and Is, beyond doubt, a well put together and 

nsefitl puUication. The amount of ground covered may be gathered from the fact that in the index 

about 5.ooe references will be found7'—El€ctricai RevUw. 

ELECTRIC LIGHT FITTINQ. 

A Handbook for Working Electrical Engineers, embodying Practical Notes on 
Installation Management. By J. W. Urquhart, Electrician, Author of 
"Electric Light," &c. With numerous Illustrations. Third Edition, Revised, 

with Additions. Crown 8vo, cloth 6/0 

" This volume deals with the mechanics ot electric lighting, and is addressed to men who 
are already engaged in the work, or are training for it. The work traverses a great deal of ground, 
and may be read as a sequel to the author's useful work on 'Electric Light. —EiecirMan. 

" The book is well worth the perusal of the workman, for whom it is yfnVten,"—EiecMcai 
Review. 

ELECTRIC LIGHT. 

Its Production and Use, Embodying; Plain Directions for the Treatment of 
Dynamo-Electric Machines, Batteries, Accumulators, and Electric Lamps. 
By J. W. Urquhart, C.E. Sixth Edition, Enlarged. Crown 8vo, cloth. 

7/6 

** The whole ground of electric lighting is more or less covered and explained in a very clear 
and concise masmtt."—Ei€ctricai Review. 

"A vade-mecum of the saHent facts connected with the science of electric lighting."— 
Electrician. 

DYNAMO CONSTRUCTION. 

A Practical Handbook for the Use of Engineer-Constructors and Electricians* 

in -Charge. Embracing Framework Building, Field Magnet and Armature 

Winding and Grouping, Compounding, &c By J. W. XJrquhart. Second 

Edition, Enlarged, with 114 Illustrations. Crown 8vo, cloth . . 7/6 

" Mr. Urquhart's book is the first one which deals with these matters in such a way that the 

engfneeiing student can understand them. The book Is vwy readable, and the author leads his 

rea-lets up. to difficult subjects by reasonably simple tBSltx."''EngitU€nf^ Review. 

ELECTRIC SHIP-LIGHTING. 

A Handbook on the Practical Fitting and Running of Ships' Electrical Plant. 
For the Use of Shipowners and Builders, Marine Electricians, and Seagoing 
Eneineers-in-Charge. By T. W. Urquhart, C.E. Second Edition, Revised 
and Extended. With 88 Illustrations, Crown 8vo, cloth . . . 7/6 
"The subject of ship electric lighting is one of vast importance and Mr. Urquhart is to be 

highly complimented for placing such a Taluable work at the service of marine electricians."— 7%« 

SieatHsh^. 

ELECTRIC LIGHTING (ELEMENTARY PRINCIPLES OF). 

By Alan A. Campbell Swinton, M.InstCE., M.I.E.E. Fifth Edition. 
With 16 Illustrations. Crown 8vo, cloth 1/6 

ELECTRIC LIGHT FOR COUNTRY HOUSES. 

A Practical Handbook on the Erection and Running of Small Installations, 
with Particulars of the Cost of Plant and Working. By J. H. Knight. 
Third Edition, Revised. Crown 8vo, wrapper 1/0 

HOW TO MAKE A DYNAMO. 

A Practical Treatise for Amateurs. Containing Illustrations and Detailed 
Instructions for Constructing a Small D3mamo to Produce the Electric Light. 
By Alpxbd Cbopts. Sixth Edition, Revised. Crown 8vo, cloth . 2/0 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. 

By H. M. NoAP, F.R.S. 650 pp., with 470 Illtutrationi. C^wn 8vo, cloth. 

9/0 
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PRACTICAL BUILDING CONSTRUCTION. 

A Handbook for Students Prepariiu; (at Examinations, and a Book of 
Reference for Persons Engaged in Buildii^. By John Parnbll Allen, 
Surveyor, Lecturer on Bmlding Construction at the Durham College of 
Science, Newcastle-on-Tyne. Fourth^ Edition, Revised and EnUffged. 
Medium 8vo, 570 pp., with z,ooo Illustrations, cloth. 

[Just Publish4d. Neifm 

" The most complete exposition of building construction we have seen. It contains all that is 
necessary to prepare students for the various examinations in bufldinf construction."— ,5«^2Ut£N^ 
News. 

" The author depends nearly as much on his diagrams as on Us type. The pa^es sugsfest 
the hand of a man of experience in building operations— and the volume must be a blessing to 
many teachers as well as to students."— 7^ ArcMUet. 

" The woiie is sure to prove a formidable rival to great and small competitors alUce, and 
bids ftir to take a permanent place as a favourite student's text-book. The large number of illus- 
trations deserve particular mention fur the great merit they possess for purposes of reference in 
exactly corresponding to convenient scales."— 5<<N#rMa/e^iS%< K^)ml JhstUtte ^BriHxhArchauts. 

PRACTICAL MA50NRY. 

A Guide to the Art of Stone Cutting. Comprising the^ Construction, Setting 
Out, and Working of Stairs, Circular Work, Arches, Niches, Domes, Penden* 
tiveSj Vaults, Tracery Windows, &c. ; to which are added Supplements 
relating to Masonry Estimating and Qaantity Surveying, and to Building 
Stones, and a Glossary of Terms. For the Use of Students, Masons, and 
other Workmen. By William R. Purchask, Building Inspector to Uie 
Borough of Hove. Fourth Edition, Enlarged. Royal 8vo, aio pp., with 
5a Lithographic Plates, comprising over 400 Diagrams, doth. 

[Just PMblish4d. Net 7/6 

"Mr. Purchase's * Practical Masonry' wOl undoubtedly be found nseftd to all interested in 
tills Important subject, whether theoretlcaUy or practically. Most of the examples given are from 
actual work carried out, the diagrams being carefully drawn. The book is a practical treatise (» 
the subject, the author himself having commenced as an operative mason, and afterwards acted as 
foreman mason on many large anaimportant bufldings prior to the attainment of his present 
position. It should be round of general utility to arcmtectural students and others, as well as to 
those to whom it is spedally addressed."— 7«MrNa/ c/th€ RifytU InsiitttU ^BriHsh ArchUtcts. 

MODERN PLUMBING, 5TEAM AND HOT WATER 

HBATINO. 

A New Practical Work for the Plumber, the Heating Engineer, the Architect, 
and the Builder. By J. T. Lawler, Author of " American Sanitary Plumbing, " 
&c. With 384 Illustrations and Folding Plates. 4to, cloth . Net 21/- 

HEATINQ BY HOT WATER, 

VENTILATION AND HOT WATER SUPPLY. 

By Walter Jones, M.LM.E. 340 pages, with 140 Illustrations. Royal 8vo, 
cloth. [Just Published, Net 6/0 

CONCRETE : ITS NATURE AND USES. 

A Book for Architects, Builders, Contractors, and Clerks of Works. By 
Gborgb L. Sutclippb, A.R.I. B.A. 350 pp., with Illustrations. Crown 

Svo, cloth 7/6 

*' The author treats a difficult subject in a lucid manner. The manual fills a long-Mt gap. 

It is card!iil and exhaustive ; equally useful as a student's guide and an architect^ book of 

reference."— yM«rMa/ ^Ou Reyai InstUiOt 0/ British ArcMUcts. 

LOCKWOOD'S BUILDER'S PRICE BOOK for 1904. 

A Comprehensive Handbook of the Latest Prices and Data for Builders, 
Architects, Engineers, and Contractors. Re*constructed, Re-written, and 
Greatly Enlarged. By FRANas T. W. Millbr. 800 closely-printed pages, 
crown Svo, cloth 4/0 

" This book is a Tery useful one, and should find a place in every English office connected 
with the building and eiufuieering professions. "—IndttUriu. 

" An ezccuient book of re fer e n ce. "^Arthtttet, 

" In its new and revised form this Price Book is what a work of this Und should be— oompie- 
henshre. reliable, well arranged, legible, and well bound."— ^HMrA ArcAHttt. 

DECORATIVE PART OP CIVIL ARCHITECTURE. 

By Sur William Chambbrs, F.R.S. With Portrait, Illustrations, Notes, and 
an BxAMiNATiOM OF Grbcian Architbcturb, hy Josbpm Gwilt, F.S.A. 
Revised and Edited hy W. H. Lbbds. 66 Plates, 4to, cloth . .21/0 
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THE MECHANICS OP ARCHITECTURE. 

A Treatise on Applied Mechanics, especially Adapted to the Use of Architects. 
By E. W. Tarn, M.A.. Author of ^ The Science of Building," &c. Second 
Edition, Enlarged. Illustrated with 135 Diagrams.'^ Crown 8vo, cloth 7/6 
"The book Is a very usefiil and helpful manual of architectural mechanics."— ^Mi/i&r. 

A HANDY BOOK OP VILLA ARCHITECTURE. 

Being a Series of Designs for Villa Residences in various Styles. With 

Outline Specifications and Estimates. By C. Wickbs, Architect, Author of 

" The Spires and Towers of England," &c. 6x Plates, 4to, half>morocco, gilt 

edges £1 lis. 6d. 

" The whole of the designs bear evidence of their being the work of an artistic architect, and 
tlMjr will prove very vahiabte and s»xggPsti:7^"—BuildiH£r Ntws, 

THE ARCHITECrS GUIDE. 

Being a Text-book of Useful Information for Architects, Engineers, Surveyors, 
Contractors, Clerks of Works, &c., &c. By F. Rogers. Crown 8vo, cloth. 

3/6 

ARCHITECTURAL PERSPECTIVE. 

The whole Course and Operations of the Draughtsman in Drawing a Large 

House in Linear Perspective. Illustrated by 43 Folding Plates. By F. O. 

Ferguson. Third Ecntion. 8vo, boards 3/6 

" It is the most intelligible of the treatises on this ill-treated subject that I have met with."^ 
E. INGRESS BELL, ESQ.,Tnthe ^./.£.^. Jourttal. 

PRACTICAL RUL^S ON DRAWING. 

For the Operative Builder and Young Student in Architecture. By George 
Ptnb. 14 Plates, 4to, boards 7/6 

MEASURING AND VALUING ARTIFICERS' WORK 

(The Student's Guide to the Practice oQ., Containing Directions for taking 

Dimensions, Abstracting the same, and bringing the Quantities into Bill, with 

Tables of Constants for v aluation of Labour, and for the Calculation of Areas 

and Solidities. Originally edited by E. Dobson, Architect. With Additions 

by E. W. Tarn, M.A. Seventh Edition, Revised. With 8 Plates and 

63 Woodcuts. Crown 8vo, cloth 7/6 

" This edition will be found the most complete treatise on the principles of measuring and 
valuing artificers' worie that has yet been published. "—ButUingr Ntws. 

TECHNICAL GUIDE, MEASURER, AND ESTIMATOR. 

For Builders and Surveyors. Containing Technical Directions for Measuring 
Work in all the Building Trades, Complete Specifications for Houses, Roads, 
and Drains, and an Easy Method of Estimating the parts of a Building 
collectively. By A. C. Beaton. Ninth Edition. Waistcoat-pocket size, 

gilt edges 1/6 

" No builder, architect, surveyor, or valuer should be without his ' Beaton. ' "—Buildint' Ntws. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 

A Guide to the Architect, Engineer, Surveyor, and Builder. With an Essay 
on the Structure and Science of Modem Building Upon the Basis of the 
Work by Alfred Bartholomew, thoroughly Revised, Corrected, and greatly 
added to by Frederick Rogers, Architect. Third Edition, RevisexL 8vo, 

cloth 15/0 

"The work is too well known to need any recommendation from us. It is one of the books 
with which every yoang architect must be equipped."— ^rvAASect 

THE HOUSE-OWNER'S ESTIMATOR. 

Or, What will it Co6t to Build, Alter, or Repair? A Price Book for Un- 
professional People as well as the Architectural Surveyor and Btdlder. By 
J. D. SiMOM. Edited by F. T. W. Miller, A.R.I.B.A. Fifth Edition. 

Carefully Revised. Crown 8vo, doth Ifei 8/6 

" In two yean It will repay its cost a hundred times Qrrtst"^Fietd, 
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THE HEALTH OFFICER'S POCKET-BOOK. 

A Guide to Sanitary Practice and Law. For Medical Oflkers of Health, 
Sanitary Inspectors, Members of Sanitary Authorities, &c. By Edward 
F. WiLLOUGHBT, M.D. (I.ond.)i &c. Second Edition, Revised and Enlarged. 
Fcap. 8vo, leather Ak/ 1 0/6 

" It is a mine of condensed infonnation of a pertinent and useful kind on the various subjects 
of which it treats. The different subjects are succinctly but fully and scientifically dealt with."— 
The Lancet. 

" We recommend all those engag'ed in practical sanitary work to furnish themselves with a 
copy for reference." — Sanitary yournal. 

THE BACTERIAL PURIFICATION OF SEWAGE: 

Being a Practical Account of the Various Modem Biol<^cal Methods of 
Purifying Sewage. By Sidney Barwisr, M.D. (Lond.), D.P.H. (Camb.), 
etc. With lo Page Plates and 2 Folding Diagrams. Royal 8vo, cloth. 

Net 6/0 

THE PURIFICATION OF SEWAQB. 

Being a Brief Account of the Scientific Principles of Sewt^e Pturification, and 
their Practical Application. By Sidnst Barwisb, M.D. (Lond.), M.R.C.S., 
D.P.H. (Camb.), Fellow of the Sanitary Institute. Medical Officer of Health 
to the Derbyshire Cotmty Council. Crown 8vo, doth .... 6/0 

WATER AND ITS PURIFICATION. 

A Handbook for the Use of Local Authorities, Sanitary Officers, and others 
interested in Water Supply. By S. Ridbal, D.Sc. Lond.,^ F.I.C. Second 
Edition, Revised, with Additions, mcluding numerous Illustrations and Tables. 
Large Crown 8vo, cloth Net 9/0 

RURAL WATER SUPPLY. 

A Practical Handbook on the Supply of Water and Construction of Water- 
works for Small Country Districts. By Allan Grbbnwbll, A.M.I.C.E., 
and W. T. Currt, A.M.I.C.E. Revised Edition. Crown 8vo, cloth 6/0 

THE WATER SUPPLY OF CITIES AND TOWNS. 

By William Huhbbr, A.M. Inst. C.E., and M.Inst. M.E. Imp. 410, half* 
bound morocco. (See page xx.) iVIr/ £6 6S. 

THE WATER SUPPLY OF TOWNS AND THE CON- 
STRUCTION OF WATER-WORICS. 

By Professor W. K. Burton, A.M. Inst. C.E. Second Edition, Revised 
and Extended. Royal 8vo, cloth. (See page xo.) .... £1 6s. 

WATER ENQINEERINQ. 

A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisa* 
tion of Water for the Supply of Towns. By C. Slagg, A.M. Inst. CB. 7/6 

SANITARY WORK IN SMALL TOWNS AND VILLAGES. 

By Charlbs Slagg, A. M. Inst. C.E. Crown 8vo, cloth . . 3/0 

PLUMBING. 

A Text-book to the Practice of the Art or Craft of the Plumber. By W. P. 
BucHAN. Ninth Edition, Enlarged, with 500 Illustrations. Crown 8vo, 3/6 

VENTILATION. 

A Text-book to the Practice of the Art of Ventilating Buildings. By W. P. 
BuCHAM, R.P. Crown 8vo, cloth S/6 



CARPENTRY, TIMBRE, ««. ag 



CARPENTRY, TIMBER, ETC. 



THE ELEMENTARY PRINCIPLES OF CARPENTRY. 

A Treatise on the Pressure and Equilibrium of Timber Framing, the Resistance 
of Timber, and the Construction of Floors, Arches, Bridges, Roofs, Uniting 
Iron and Stone with Timber, &c. To which is added an Essay on the Nature 
and Properties of Timber, &c., with Descriptions of the kinds of Wood used 
in Buildmg ; also numerous Tables of the Scantlings of Timber for different 
purposes, the Specific Gravities of Materials, &c. By Thomas Tkedgold, C. £. 
Witn an Appendix of Specimens of Various Roofs of Iron and Stone, Illus* 
trated. Seventh Edition, thoroughly Revised and considerably Enlarged by 
E. WvNDHAH Tarn, M.A., Author of "The Science of Building," &c 
With 6i Plates, Portrait of the Author, and several Woodcuts. In One large 
Vol., 4to, cloth £1 5s. 

" Ougfht to be in every architect's and every builder's library. "^Builder. 

"A work whose monumental excellence must commend it wherever skUAiI carpentry is 
concerned. The author's principles are rather confirmed than impaired Iqr time. The additional 
plates are of great intrinsic \alvM."—BuiidiHsr News. 

WOODWORKING MACHINERY. 

Its Rise, Process, and Construction. With Hints on the Manag^ement of Saw 
Mills and the Economical Conversion of Timber. Illustrated with Examples 
of Recent Designs by leading English, French, and American Engineers. By 
M. Powis Balb, A.M.Inst.C.£., M.I.M.E. Second Edition, Revised, 
with large Additions, large crown 8vo, 440 pp., cloth .... 9/0 



"1 



' Mr. Bale is evidently an expert on the subject* and he has collected so much information 
that his book is all-sufficient (ox builders and others vagagpA. in the conversion of timber. "—A rdiHect 
" The most comprehensive compendium of wood-worldn^ machinery we have seen. The 
author Is a thorough master of his subject "—Buildings News. 

SAW MILLS. 

Their Arrangement and Management, and the Economical Conversion of 

Timber. By M. Powis Balb, A.M.Inst.CE. Second Edition, Revised. 

Crown 8vo, cloth 1 0/6 

" The adrministraHoH of a large sawlngf estabUshment is discussed, and the subject examined 
from a financial standpoint. Hence the sice, shape, order, and disposition of saw mills and the like 
are gone into in detail, and the course of the timber is traced from its reception to its ddivery in its 
converted state. We could not desire a more complete or practical treatise."— /7a«^Mer. 

THE CARPENTER'S GUIDE. 

Or, Book of Lines for Carpenters ; comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the late Pbtbb 
Nicholson's standard work. A New Edition, Revised by Arthur Ashpitbl, 
F.S.A. Together with Practical Rules on Drawing, by Gborgb Pynb. 
With 74 Plates, 4to, cloth £1 1 %, 

A PRACTICAL TREATISE ON HANDRAILINQ. 

Showing New and Simple Methods for Finding the Pitch of the Plank, Drawing 
the Moulds, Bevelling, Jointing-up, and Squaring the Wreath. By Gborgb 
CoLLiNGS. Revised and Enlarged, to which is added A Trxatisb on 
Stair-building. Third Edition. With Plates and Diagrams, zamo, cloth. 

2/6 

*' Win be found of practical utility in the execution of this difficult branch cilKAnieiry"— Builder. 
" Almost every difficult phase of this somewhat intricate branch of Joinery is elucidated by 
the aid of plates and explanatory letterpress."— ^«rr*«/MfV Gasette. 

CIRCULAR WORK IN CARPENTRY AND JOINERY. 

A Practical Treatise on Circular Work of Single and Double Curvatture. By 

Gborgb Collings. With Diagrams. Fourth Edition, ismo, cloth . 2/o 

" An excellent example of what a book of this kind should be. Cheap in price, clear in 
definition, and practical in the examples selected."— Buiider. 

THE CABINET-MAKER'5 GUIDE TO THE ENTIRE 

CONSTRUCTION OP CABINET WORK. 

By Richard Bitmbad. Illustrated with Plans, Sections and Working 
Drawings. Crowa 8vo, doth ......... 2/6 
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HANDRAILINQ COMPLBTB IN BIQHT LESSONS. 

On the S<iiiare-Cnt System. By T. S. Goldtrokp, Teacher of Geometry 
and Building Construction at the Halifax Mechanics' Institute. With Eight 
Plates and over 150 Practical Exercises. 4to, cloth .... 3/6 
" Likeljr to be of considenble Tafaae to Joiners and otiiafs wbo take a pride In good 



The amm^iement of the book Is eaccdlent. we heartily commend it to teeclien and students."— 
Timbtr TrcuUs yo un u U . 

TIMBER MERCHANT'S and BUILDER'S COMPANION. 

Containing New and Copious Tables of the Reduced Weight and Measure- 
ment of Deals and Battens, of all sixes, and other Useful Tules for the use of 
Timber Merchants and Builders. By William Dowsing. Fourth Edition, 

Revised and Ccnrected. Crown 8vo, doth 3/0 

" We are ^A to see a fourth edition oit these admirable taUes, which for correctness and 
simplicity of arrangement leave nottiing to be desired."— T'tfrnAfr* Trades y^umal. 

THE PRACTICAL TIMBER MERCHANT. 

Being a Guide for the Use of Building Contractors, Surveyors, Builders, &c., 
comprising useful Tables for tdl purposes connected, with the Timber Trade, 
Marks of Wood, Essay on the Strength of Timber, Remarks on the Growth of 
Timber, &c. By W. Richardson. Second Edition. Fcap. 8vo, cloth . 3/6 

"This handy manual contains much valuable information for the use of timber merchants, 
builders, foresters, and all others connected with the growth, sale, and manufitctaie of timber."— 
youmal ^fFortstry. 

PACKINQ-CASE TABLES. 

Showing the number of Superficial Feet in Boxes or Packing-Cases, from six 
inches square and upwards. By W. Richaroson, Timber Broker. Third 
Edition. Oblong 4to, cloth 3/6 

'* Invaluable labour-saving tables."— /r0M«MM(f«r. 

** Will save much labour and calculation."— CrAT/r. 

GUIDE TO SUPERFICIAL MEASUREMENT. 

Tables calculated from i to aoo inches in length bj z to zo8 inches in breadth. 

For the use of Architects, Surveyors, Ei^meers, Timber Merchants, 

Builders, &c. By Jambs Hawkings. Fifth Edition. Fcap., cloth. 3/6 

'* These tables will be found of great assistance to all who require to make calculations of 
superficial measurement."— £'»^/*'M Mechanic. 

PRACTICAL FORESTRY. 

And its Bearing on the Improvement of Estates. By Chaklbs E. Curtis, 
F.S.I., Professor of Forestry, Field Engineering, and General Estate 
Management, at the College of Agriculture, Downton. Second B^tion, 
Reviseid. Crown 8vo, cloth 3/6 

PRBFATORV REMARKS. — OBJBCTS OF PLANTING. — CHOICE OF A FORESTER.— 

CHOICE OF Soil and site.— Laving Out of Land for plantations.— preparation 
OF THE Ground for Planting.— drainagb.—Planting.— Distances and Distri- 
bution of Trees in Plantations.— Trees and Ground Game.— attention after 
Planting.— thinning of Plantations. — Pruning of Forest trees.- Realization. 
—Methods of Sale.— Measurement of Timber.— Measurement and Valuation 
of Larch Plantation.— fire Lines.— Cost of Planting. 

" Mr. Curtis has in the course of a series of short pithy chapters afforded much informa* 
tion of a useful and practical character on the planting and sul>sequent treatment of trees."— 
Illustrated Carpenter and Builder, 

THE ELEMENTS OF FORESTRY. 

Designed to afford Information concerning the Planting and Care of Forest 
Trees for Ornament or Profit, with suggestions upon the Creation and Care of 
Woodlands. By F. B. Hough. Large crown 8vo, cloth ... 1 0/O 

TIMBER IMPORTER'S, TIMBER MERCHANT'S, AND 

BU1LDBR*S STANDARD QUIDB. 

By Richard £. Grandt. Comprising :— An Analvsb of Deal Standards, 

Home and Foreign, with Comparative Values and Tabular Arrangements iot 

fixing Net Landed Cost on Baltic and North American Deals, including all 

intermediate £xi>enses, Freight, Insurance, &c. ; together with copious Informa* 

tion for the Retailer and BuBder. Third Edition, Revised, xamo, cloth 2/0 

" Everything it pretends to be : built up gradually, it leads one from a forest to a treensdl, and 
throws in, as a makeweight, a host of material concerning bricks, columns, cisterns, &c." — BngUsk 
Mechanic, 
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DECORATIVE ARTS, ETC. 



5CH00L OF PAINTING FOR THE IMITATION OF 

WOODS AND MARBLES. 

As Taught and Practised by A. R. Van dbr Burg and P. Van dbr Burg, 

Directors of the Rotterdam Painting Institution. Royal folio, xS^ by Z2| in., 
Illustrated with 24 full>size Coloured Plates ; also za plain Plates, comprising 
Z54 Figures. Fourth Edition cloth . [Just Published. Net £1 5s. 

List of Platbs. 

z. Various tools rbquirbd for wood Pajnting.-4, 3. walnut; preliminary 

STAGBS OP Graining and Finishbd Spbcimbn. — 4. tools Usbd for Marblb 

Painting and method op Manipulation.— 5, & St. Rbmi Marblb ; Earlier 

Operations and Finished Specimen. — 7. Methods of Sketching Different 

GRAINS, knots. &C.— S, 9. ASH: PRELIMINARY STAGES AND FINISHED SPECI- 
MEN. .- 10. Methods of sketching Marble Grains. — xx, zs. Breche marble ; 

PRELIMINARY STAGES OP WORKING AND FINISHED SPECIMEN.— X«. MAPLE ; METHODS 

OF Producing the Different Grains.— x4, xs. Bird's-eye Maple; Preliminary 
stages and finished specimen.— x6. methods of sketching the diffbrbnt 
species of white marble.— xj, x8. white marble ; preliminary stages of 
process and finished specimen.- 19. mahogany ; specimens of various grains 
and methods of manipulation. — ao, si. mahogany ; earlier stages and 
Finished Specimen.- «, 93, 34. Sienna Marblb: Varieties of Grain, preliminary 
stages and finished spbcimbn.— 9$. a6, 07. juniper wood; methods op pro- 
DUCING Grain, &c. ; preliminary stages and Finished Specimen.— 38, so, 90. Vert 

DB MER MARBLE; VARIETIES OF GRAIN AND METHODS OP WORKING, UNFINISHED 

AND Finished specimens.— 31, 33, 33. Oak ; varieties op Grain, Tools employed 
AND Methods of Manipulation, freliminary stages and Finished Specimen.- 

34f 3Sf 3& WAULSORT MARBLE; VARIETIES OF GRAIN, UNFINISHED AND FINISHED 

Specimens. 

" Those who desire to attain skUl in the art of paindnsf woods and marbles will find adrantase 
in consulting this book. . . . Some of the Woridng Men's Clubs should give their young men 
the opportunity to study \t."—Buil€Ur, 

" A comprehensive guide to the art The explanations of the processes, the manipuladon 
and management of the colours, and the beautifully executed plates will not be the least valuable to 
the student who aims at making Yiis work a fidthful transcript of vaXxm,"—Building^ News. 

" Students and novices are fortunate who are able to become the possessors of so noble a 
work."— /:%< AreMUeL 

i 

ELEMENTARY DECORATION. 

A Guide to the Simpler Forms of Everyday Art. Together with PRACTICAL 
HOUSE DECORATION. By Jambs W. Facby. With numerous Illus- 
tratioDS. In One Vol., strongly half-bound 5/0 

HOUSE PAINTING, QRAININQ, MARBLINQ, AND 

SIGN WRITING. 

A Practical Manual of. By Ellis A. Davidson. Eighth Edition. With 

Coloured Plates and Wood Engravings. Crown 8vo, cloth . . . 6/0 

" a mass of information of use to the amateur and of value to the practical xDasi."—EHsrUsk 
Mtckanic. 

THE DECORATOR'5 ASSISTANT, 

A^ Modem Guide for^ Decorative Artists and Amateurs, Painters, Writers, 
Gilders, &c. Containing upwards of 600 Receipts, Rules, and Instructions ; 
with a variety of Information for General Work connected with every Class of 
Interim and Exterior Decorations, &c. Eighth Edition. Cr. 8vo . 1 /O 

" Full of receipts of value to decorators, painters, gilders, &c The book contains the gist of 
larger treatises on colour and technical processes. It would be difficult to meet with a work so AJl 
of varied infonnation on the painter's vet" ^Building News. 

MARBLE DECORATION 

And the Terminology of British and Foreign Marbles. A Handbook Ua 

. Students. By Gborgb H. Blagrovb, Author oi " Shoring and its Applica> 

tion," &C. With a8 Illustrations. Crown 8vo, cloth .... 3/6 

"This most useful and mnch wanted handbook shoald be In tiie hands of eveiy aichtoct and 
hw:^t.''^BuiUUntr tVerid. 

"A carefully aud usefully written treatise ; the work is essentially practlcal.".i-sS^i!mM»>. 
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DELAMOTTE'8 WORKS ON ILLUMINATION AND 

ALPHABETS. 



ORNAMENTAL ALPHABETS, ANCIENT & MEDIiCVAL. 

From the Eighth Centnry, with Numerals; including Gothic, Chnrch-Text, 
large and small, German, Italian. Arabesque, Imtials for Illumination, 
Monograms, Crosses, &c., sc, for tne use of Architectural and Engineering 
Draughtsmen, Missal Painters, Masons, Decorative Painters, Lithographers, 
Engravers, Carvers, &c. Collected and Engraved by F. Delamottb, and 
printed in Colours. New and Cheaper Edition. Royal Svo, oblong, 
ornamental boards 2/6 

** For those who insert enamelled sentences roond gilded cbaUces, who blaaonshop legynds 
over shop-doors, who letter chttich walls with pithy sentences from the Decalogue, this book will be 

MODERN ALPHABETS, PLAIN AND ORNAMENTAL. 

Including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew, 
Court Hand, Enp;rossingj Tuscan, Riband, Gothic, Rustic, and Arabesque ; 
with several Original Designs, and an Analysis of the Roman and Old English 
Alphabets, large and small, and Numerals, for the use of Draughtsmen, 
Surveyors, Masons, Decorative Painters, Lithographers. Engravers, Carvers, 
&c. Collected and Engraved by F. Dblamottb, and printed in Colours. 
New and Cheaper Edition. Royal Svo, oblong, ornamental boards . 2/6 

" There is comprised in it every po»ibte shape into which the letters of the alphabet and 
numerals can be formed, and the talent which has been expended in the conception otthe Tarious 
plain and ornamental letters is woad«x{xtL"—Siumiard. 

MEDIAEVAL ALPHABETS AND INITIALS. 

By F. G. Delamottb. Containing sx Plates and Illuminated Title, printed 

in Gold and Colours. With an Introduction by J. Willis Brooks. Fifth 

Edition. Small 4to, ornamental boards Net S/O 

"A Tolame in which the letters of the alphabet come forth glorified in gilding and all the 
colours of the prism interwoven and intertwined and intermingled, "-^kk. 

A PRIMER OF THE ART OF ILLUMINATION. 

For the Use of Beginners ; with a Rudimentary Treatise on the Art, Practical 
Directions for its Exercise, and Examples taken from Illuminated MSS., 

Srinted in Gold and Colours. By F. Delamottb. New and Cheaper 
edition. Small 4to, ornamental boards 6/0 

" The examples ef ancient MSS. recipmmended to the student, which, with ihuch good sense, 
the author chooses from collections accessible to all, are selected with judgment and knowledge as 
well as taste/'—jitkenaum.. 

THE EMBROIDERER'S BOOK OF DESIGN. 

Containing Initials^ Emblems, Cyphers, Monograms, Ornamental Borders. 

Ecclesiastical Devices, Mediaeval and Modem Alphabets, and National 

Emblems. Collected by F. Delamottb, and printed in Colours. Oblong 

royal Svo, ornamental wrapper Net 2/0 

" The book wiU be of great assistance to ladies and young children who are endowed with 
the art of plying the needle hi this most ornamental and useful pretty •mitk."'—East Angiian Times. 



WOOD-CARVING FOR AMATEUR5. 

With Hints on Design. By A Lady. With xo Plates. New and Cheaper 

Eldition. Orown Svo, in emblematic wrapper 2/0 

" The handicraft of the wood-canrer, so well as a book can impart it, may be learnt from ' A 
Lady's ' publication."— ^M«n<rMm. 

PAINTING POPULARLY EXPLAINED. 

By Thomas John Gullick, Painter, and John Timbs, F.S.A. Including 
Fresco, Oil, Mosaic, Water-Colour, Water-Glass, Tempera, Encaustic, 
Miniature, Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c Fifth 
Editicm. Crown Svo, cloth 6/0 

*«* Adopted as a PrUt Book at South Kensington. 

" Much mav be learned, even by those who fency they do not require te be taught, from the 
careful perusal of this unpretending but compreheosiTe tica»iao."—Art S^ouma/. 
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NATURAL SCIENCE, ETC. 



THE VISIBLE UNIVERSE. 

Chapters on the Origin and Construction of the Heavens. By J. B. Gorb, 
F.R.A.S., Author of" Star Groups," &c. Illustrated by 6 Stellar Photographs 
and xa Plates. Demy 8vo, cloth 1 6/0 

STAR GROUPS. 

A Student's Guide to the Constellations. By J. Bllako Gors, F.R.A.S., 
M.R.LA.. &c., Author of "The Visible Universe," "The Scenery of the 
Heavens,' &c. With 30 Maps. Small 4to, cloth 5/0 

AN ASTRONOMICAL GLOSSARY. 

Or, Dictionary of Terms used in Astronomy. With Tables of Data and Lists 
of Remarkable and Interesting Celestial Objects. By J. Ellard Gore, 
F.R.A.S., Author of " The Visible Universe," &c. Small crown 8vo, cloth. 

2/6 
THE MICROSCOPE. 

Its Construction and Management. Including Technique. Photo-micrography, 
and the Past and Future of the Microscope. By Dr. Henri van Hburck. 
Re-Edited and Augmented from the Fourth French Edition, and Translated 
by Wynne E. Baxter, F.G.S. Imp. 8vo, cloth .... 1 8/0 

A MANUAL OP THE MOLLUSCA. 

A Treatise on Recent and Fossil Shells. By S. P. Woodward, A.L.S., 
F.G.S. With an Appendix on Recent and Fossil Conchological 
Discoveries, by Ralph Tate, A.L.S., F.G.S. With 33 Plates and 
upwards of 300 Woodcuts. Reprint of Fourth Edition (x88o). Crown 8vo, 
doth 7/6 

THE TWIN RECORDS OP CREATION. 

Or, Geology and Genesis, their Perfect Harmony and Woodcrful Coooord. 
By G. W. V. LB Vaux. 8vo, cloth 6/0 

LARDNER'S HANDBOOKS OF SCIENCE. 
HANDBOOK OF MECHANICS. 

Enlarged and re-written by B. Loewv, F.R.A.S. Post 8vo, cloth . 6/0 

HANDBOOK OF HYDROSTATICS AND PNEUMATICS. 

Revised and Enlarged by B. Loewv, F.R.A.S. Post 8vo, cloth . 5/0 

HANDBOOK OP HEAT. 

Edited and re-written by B. Loewt, F.R.A.S. Post 8vo, cloth . 6/0 

HANDBOOK OP OPTICS. 

New Edition. Edited by T. Olver Harding, B. A. Small 8vo, cloth 6/0 

ELECTRICITY, MAGNETISM, AND ACOUSTICS. 

Edited by Geo. C. Foster, B.A. Small 8vo, cloth . . . . 6/0 

HANDBOOK OF ASTRONOMY. 

Revised and Edited by Edwin Dunkin, F.R. A. S. 8vo, doth . . 9/6 

MUSEUM OP SCIENCE AND ART. 

With upwards of x,9oo Engravings. In Six Double Volumes, £1 1 a. Cloth, 
or half-morocco £1 lis. 60. 

NATURAL PHILOSOPHY FOR SCHOOLS . « 3/6 
ANIMAL PHYSIOLOGY FOR SCHOOLS . 3/6 

THE ELECTRIC TELEGRAPH. 

Revised by E. B. Bright, F.R.A.S. Fcap. 8vc, cloth ' . . 2/6 
L. C 
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CHEMICAL MANUFACTURES, 
CHEMISTRY, ETC. 



THE OIL FIELDS OP RUSSIA AND THE RUSSIAN 

PETROLEUM INDUSTRY. 

A Practical Handbook on the Exploration, Exploitation, and Management 
of Russian Oil Properties, including Notes on the Oriein of Petroleum in 
Russia, a Description of the Theor]^ and Practice of Liquid Fuel, and a 
Translation of the Rules and Regulations concerning Russian Oil Properties. 
By A. Bbeby Thompson, A.M.I.M.E., late Chief En^neer and Manager of the 
European Petroleum Companv's Russian Oil Properties. About 500 pp., with 
numerous Illustrations and Pnotographic Plates, and a Map of the Balakhany- 
Saboontchy-Romanv Oil Field. Super-royal 8vo, cloth. 

C/»j/ Published. Net £3 3s. 

THE ANALYSIS OF OILS AND ALLIED SUBSTANCES. 

By A. C. Wright, M.A.Oxon., B.Sc.Lond., formerly Assistant Lecturer in 
Chemistry at the Yorkshire College, Leeds,- and Lecturer in Chemistry at the 
Hall Technical School. Demy 8vo, cloth Net QIQ 

THE QAS ENGINEER'S POCKET-BOOK. 

Comi>rising Tables, Notes and Memoranda relating^ to the Mana&ctore, 
Distribution and Use of Coal Gas and the Construction of Gas Works. By 
H. O'Connor, A.M.lnst.C.E. Second Edition, Re^ased. 470 pp., crown 8vo, 

fully Illustrated, leather 1 0/6 

" The book contains a Tast amount of information. The author «>es consecudrdy throuifh 



the engineerings details and practical methods inyolTed in each of the different proceases or parts 
of a gas-worlcs. He has certainly succeeded in makinsr a compilation of hard matteti of^ fitct 
•boolutely interestinsr to read."— &ax IVorid. 



'The volume contains a great quantity of specialised information, compiled, we bdiere, from 
trustworthy sources, which should make it of considerable value to those for whom it is specifically 
ptodac9d. —Eng^inetr. 

LIGHTING BY ACETYLENE 

Generators, Burners, and Electric Furnaces. By William E. Gibbs, M.E. 
With 66 Illustrations. Crown 8vo, cloth 7/Q 

ENGINEERING CHEMISTRY. 

A Practical Treatise for the Use of Analytical Chemists, Engineers, Iron 
Masters. Iron Founders, Students and others. Comprising Methods of Analjvu 
and Valuation of the Principal Materials used in Engineering Work, with 
numerous Anal]rses, Examples and Suggestions. By H. Joshua Phillips 
F.I.C., F.C.S. Third Edition, Revised and Enlarg^. Crown 8vo, 490 pp., 
with Plates and other Illustrations, cloth. .... Net 1 0/6 

" In this work the author has rendered no small service to a numerous body of practical 
men. . . . The analytical methods may be pronounced most satisfactory, beinc as accurate as the 
despatch required of engineering chemists permits." — CJunUcttl News. 

"The analytical methods given are, as a whole, such as are likely to give rapid and trust' 
worthy results in experienced hands. . . . There is much excellent descriptive matter in the worle, 
the chapter on ' OUs and Lubrication ' being specially noticeable in this respect."— J?Mvite«tr. 

NITRO-EXPLOSIVE5. 

A Practical Treatise concerning the Properties, Manufacture, and Analysis 
of Nitrated Substances, including the Fulminates, Smokeless Powden. and 
Celluloid. By P. Gerald Sanford, F.I.C, Considting Chemist to the Cotton 
Powder Company, Limited, &c. With Illustrations. Crown 8vo, doth. 9/0 

" One of the very few text-books in which can be found Just what Is wanted. Mr. Sanford 
goes steadily through the whole Ust of explosives commonly used, he names any given explosive, 
and teUs us of what it is composed and how it is manufactured. The book is excellent."— J?»viw««r. 

A HANDBOOK ON MODERN EXPL05IYE5. 

A Practical Treatise on the Manufacture and Use of Dynamite. Gun-Cotton, 

Nitro-Glycerine and other Explosive Compounds, inclu<ung Collodion-Cotton. 

With Chapters on Explosives in Practical Application. By M. Eisslbr, M.E. 

Second Edition, Enlarged. Crown 8vo, doth . *! 2/6 

" A veritable mine o''in*brmatim on th9 subject of explosives employed for'milttary, mining 
and blasting purposes."—^ miy and Navy GagetU. 



CHEMICAL MANUFACTURES, CHEMISTRY, dw;. 33 
A MANUAL OP THE ALKALI TRADB« 

Including the Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufsu:turer. With 232 Illustrations 
and Working Drawings, Second Edition, with Additions. Super>royal 8vo, 
cloth £1 lOa. 

" W« find not merely a sound and luminoas explanation of the chemical principles of the 
tflade^ but a notice of numerous matters which have a most important bearings on the successful 
coikhict of alkali works, but which are generally overlooked by even experienced technological 
^—CJutincai Review. 



DANQBR0U5 QO0D5. 

Their Sources and Properties, Modes of Storage and Transport. With Notes 
and Comments on Accidents arising therefrom. A Guide for the Use of 
Government and Railway Officials, Steamship Owners, &c. By H. Joshua 
Phillips, F.I.C, F.CS. Crown 8vo, 374 pp., cloth .... Q/O 
** Merits a wide circulation* and aa intdUgent, appreciative study."— CAfiw^fw/ News, 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, Etc. 

Containing all known Methods of Anhydrous Analysis, many Working 
Examples, and Instructions for Making Apparatus. By Lieut. -Colonel W. A. 
Ross, R.A., F.G.S. Second Edition, Enlarged. Crown 8vo, cloth . 5/0 

** The student who goes conscientiously through the course of experimentation here laid down 
win gain a better insight into inorganic chemistry and mineralogy than if he had * got up ' any of the 
beet text-books of the day, and passed any number of examinations in their contents '—CA«mtVa/ 
News. 

THE MANUAL OP COLOURS AND DYE-WARE5. 

Their Properties. Applications, Valuations, Impurities and Sophistications. 
For the Use of Dyers, Printers, Dr3^ters, Brokers, &c. By J. W. Slatbr. 
Second Edition, Revised and greatly Enlarged. Crown 8vo, cloth . 7/6 

" There is no other work which covers precisely the same grotmd. To students preparing 
for examinations in djreing and printing it will prove exceedingly useAiL"— CA<»M<a>/ News. 

A HANDY BOOK FOR BREWER5« 

Being a Practical Guide to the Art of Brewing and Malting. Embracing the 
Conclusions of Modem Research which bear upon the Practice of Brewing. 
By Hbrbbrt Edwards Wright, M.A. Second Edition, Enlarged. Crown 

8vo, 530 pp., cloth 12/6 

** May be consulted with advantage by the student who Is preparing himself for examinational 
tests, while the scientific brewer will find in it a rdsutni of all the most important discoreiies of 
■lodera times. The work Is written throughout in a dear and concise manner, and the author 
takes great care to discriminate between vague theories and well-established £sK:ts "Srewen^ 
yeumaU 

" We hare great pleasure in recommending this handy book, and have no hesitation In saying 
tkat it is one of the best— if not the best— which has yet been written on the subject cf beer-brewing 
In tUs country ; it should have a place on the shelves of every brewer's library."— ^mMrx' 
GuarMan. 

FUEL5: SOLID, LIQUID, AND QA5E0U5. 

Their Analysis and Valuation. For the Use of Chemists and Engineers. By 

H. J. Phillips, F.C.S.. formerly Analytical and Consulting Chemist to the 

G.E. Rlwy. Fourth Edition. Grown 8vo, cloth 2/0 

" Ought to have Its place In the laboratory of every metalhuglcal establishment and wherever 
fuel Is used on a large taib."—CMemiemi Nnvs. 

THE ARTISTS' MANUAL OP PIQMENTS. 

Showing their Composition, Conditions of Permanency, Non-Permanency, and 
Adulterations, &c., with Tests of Purity. By H. C. Standagb. Third 
Edition. Crown 8vo, cloth 2/6 

" This worie Is indeed multum^n-parvo^ and we can, with good conscience, recommend it to 
all who come in contact with pigments, whether as makers, dealers, or users."— CA/m^<»/ Revietu. 

A POCKET-BOOK OP MENSURATION AND QAUQ1NQ« 

Containing Tables, Rules, and Memoranda for Revenue Officers, Brewers, 
SfHrit Merchants. &c. By J. B. Mant, Inland Revenue. Second Edition, 
Revised. x8mo, leather 4/0 

** Should be In the hands of every practical hnwvt."— Brewers' yoMmal, 

C 2 
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TBA MACHINERY AND TEA FACTORIES. 

A Descriptive Treatise on the Mechanical Appliances required in the 
Cultivation of the Tea Plant and the Preparation of Tea for the Market. By 
A. J. Wallis-Taylbr, A. M. Inst. C.E. Medium 8vo, 468 pp. With 9x8 

Illustrations «... N§i 20/O 

Summary op contents. 
Mechanical Cultivation or Tillage op the Soil.— Plucking or Gathering 
THE LEAF.— Tea Factories.— the Dressing, Manufacture, or preparation 
OP Tea by Mechanical Means. — Artificial wrruERiNG of the Leap.— 
Machines for Rolling or Curling the Leap.— fermenting process. — 
Machines for the automatic Drying or Firing op the Leaf.— machines for 
Non-automatic Drying or Firing of the Leaf.— Drying or Firing Machines. 

— breaking or CUin-ING, AND SORTING MACHINES.— PACKING THE TEA.— MEANS 

OP Transport on Tea Plantations.— miscellaneous Machinbry and Apparatu& 
—Final Treatment of the Tea.- Tables and Memoranda. 

" The subject of tea macliinery is now one of the first interest to a large class of people, to 
wbotn we strongly commend the volume." — Chamber of Commerce youmal, 

"When tea planting was first introduced into the British possessions Uttle, if any, nachiiierjr 
was employed, but now its use is almost universal. This volume contains a very fuU account of the 
machinery necessary for tlie proper outfit of a fectory, and also a description of the processes best 
ouried out by this machinery."— y^Mma/ Society of Arts, 

FLOUR MANUFACTURE. 

A Treatise on Milling Science and Practice. By Friedrich Kick, Imperial 
Reeierungsrath, Professor of Mechanical Technology in the Imperial Gmnan 
Po^echnic Institute, Prague. Translated from the Second Enlarged and 
Revised Edition with Supplement. By H. H. P. Powlbs, Assoc Memb. 
Institution of Civil Engineers. Nearly 400 pp. Illustrated with 98 Folding 
Plates, and 267 Woodcuts. Royal 8vo, cloth £1 5«a 

" This invaluable work is,' and will remain, the standard authority on the science of mUHnc. . . . 
The miUer who has read and digested this work will have laid tite foundation, so to speak, of a 
successfiil career ; he will have acquired a number of general principles which he can proceed to 
>pply* I" this handsome volume we at last have the accepted text-book of modem milling in good, 
sound GngHsh. which has little, if any. trace of the G«!nnan idiom."— TA^r MiUer. "" 

** The appearance of this celebrated work in English is very opportune, and Brltish^nillers 
win, we are sure, not be slow in availing themselves of its pages."— Af>//«rr' Gazette. 

COTTON MANUFACTURE. 

A Manual of Practical Instruction of the Processes of Opening, Carding, 
Combing, Drawing, Doubling and Spinning of Cotton, the Methods 01 
Dyeing, &c. For the Use of Operatives, Overlookers, and Manufikcturers. 
By John Lister, Technical Instructor, Pendleton. Svo, cloth . . 7/8 

" This invaluable volume is a distinct advance in the literature of cotton manufoctuie."-* 
Machinery. 

" It is thoroughly reliable, fulfilling neariy all the requirements desired. "-.{Ttex^vw Hermld^ 

MODERN CYCLES. 

A Practical Handbook on their Ccmstructiop and Rep^. By A. T. Wallis* 
Tavlbr, a. M. Inst. C. £., Author of " Refrigerating Machinery, ''^ftc. With 
upwards of 300 Illustrations. Crown Svo, clou 10/6 

" The large trade that is done in the component parts of bicycles has placed in the war of 
men mechanicauy inclined extraordinary facilities for building bicycles for their own use. . . . The 
book will prove a valuable guide for all those who aspire to the manufacture or repair of their owa 
machines. '^-rA« FUld. 

" A most comprehensive and up-to-date treatise."— The CycU, , 

" A very useful book, which is quite entitled to rank as a standard work for students of cycle 
constructkm. — Wheeling. 

MOTOR CAR5 OR POWER CARRIAGES FOR COMMON 

ROADS. 

By A J. Wallis-Taylbr, Assoc. Memb. Inst. C.E., Author of "Modem 
Cycles," &c. sis pp., with 76 Illustrations. Crown Svo, cloth . . 4/8 

" The book is clearly expressed thro'ighout, and is just the sort of work that an engineer, 
thinking of turning bis attention to motor^carxiage work, would do w^ to read as a preliminaiy to 
starting operations."— i?M!fY»«cn'»^« 
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PRACTICAL TANNING. 

A Handbook of Modem Procesess, Receipts, and Suggestions for the Treatment 
of Hides, Skins, and Pelts of every Description. By L. A. Flemming, 
American Tanner. 472 pages. 8vo, cloth. [/ust Puolisked, Net 26/0 

THE ART OP LEATHER MANUPACTURE« 

Beans a Practical Handbook, in which the Operations of Tanning, Currying, 
and Leather Dressing are fully Described, and the Principles of Tanning 
Explained, and many Recent Processes Introduced ; as also Methods for the 
Estimation of Tannm, and a Description of the Arts of Glue Boiling, Gut 
Dmsing, &c. By Alexander Watt. Fourth Edition. Crown 8vo cloth. 

9/0 

** A sound, comprahensiye treatise on tannine and its accessories. Tlie boolc is an eminent^ 
vabiafale production, wliicli redounds to the credit of botli author and publishefs."— CA/miwi 

THE ART OP 50AP-MAKlNO« 

A Practical Handbook of the Manufacture of Hard and Soft Soaps, Toilet 
Soaps, &c. Including many New Processes, and a Chapter on the Recovery of 
Glycerine from Waste Leys. By Alexander Watt. Sixth Edition, 
including an Appendix on Modem Candlemaking. Crown 8vo, cloth . 7/6 

"The worie win prove Tery useful, not merely to the technological student, but to the 
piactkal soap boiler who wishes to understand the theory of his axL"—Ckefnical News. 

** A thoroughly practical treatise. We congratulate the author on the success of his endeavour 
to fin a void fai Ens^n^ technical literature."— ^o/wrv. 

PRACTICAL PAPER-MAKINQ« 

A Manual for Paper-Makers and Owners and Managers of Paper«MilIs. With 
Tables, Calculations, &c. By G. Clappbrton, Paper-Maker. With Illus- 
trations of Fibres from Micro-Photographs. Crown 8vo, cloth . . 0/0 

" The author caters for the requirements of responsible mill hands, apprentices, &c, whilst 
his mft"'»»' will be found ofeteat service to students of technology, as well as to veteran peper- 
makets and mill owners. Tsm illustrations form an excellent feature. "~- TJu World 's Pa^tr Trmd4 
Review. 

THE ART OP PAPER-MAKINQ« 

A Practical Handbook of the Manufacttu'e of Paper from Rags, Esparto, 

Straw, and other Fibrous Materials. Including the Manufacture of Pulp firom 

Wood Filnre, with a Description of the Machinery and Appliances used. To 

which are added Details of Processes for Recovering Soda from Waste Liquors. 

By Alexander Watt. With Illustrations. Crown Svo, cloth . . 7/6 

**It may be regarded as the standard work on the subject. The book is fiill of valuable 
lnf!(»rmatioii. The * Art of Paper-Making ' is in every respect a model of a text-book, either for a 
technical class, or for the private student.— /*a/er ana Printing Trades youmal. 

A TREATISE ON PAPER. 

For Printers and Stationers. With an Outline of Paper Manufacture ; Complete 
Tables of Sizes, and Specimens of Different Kinds of Paper. By Richard 
Parkinson, late of the Manchester Technical School. Demy Svo, cloth 8/6 

CEMENTS, PA5TE5, QLUE5, AND QUM5^ 

A Practical Gtude to the Manufacture and Application of the various Aggluti- 

nants required in the Building, Metal-Working, Wood- Working, and Leather* 

Working Trades, and for Workshop and Office Use. With upwards of 900 

Recipes. By H. C. Standagb. Third Edition. Crown Svo, cloth . 2/0 

'We have pleasure in speaking favourably of this volume. So for as we have had 
, which is not inconsiderable, this manual is trustworthy." — Athenautn, 



THE CABINET-MAKER'S GUIDE 

. TO THB ENTIRE CONSTRUCTION OP CABINET WORK. 

Including Veneering, Marquetrie, Buhlwork, Mosaic, Inlaying, &c. By 
Richard Bitmbad. Illustrated with Plans, Sections, and Working Drawings. 
Small crown Svo, cloth 2/8 

PRENCH POLISHING AND ENAMELLING. 

A Practical Work of Instruction. Including Numerous Recipes for making 
Polishes, Varnishes, Glaze- Lacquers, Revivers, &c. By Richard Bitmead, 
Author of " The Cabinet- Maker's Guide." Small crown Svo, cloth . 1 /6 
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WATCH REPAIRING, CLEANINQ, AND ADJUSTING. 

A Practical Handbook dealing with the Materials and Tools Used, and the 
Methods of Repairing, Cleaning, Altering, and Adjusting all kinds of English 
and Foreign Watches, Repeaters, Chronographs, and Marine Chronometers. 
By F. J. GxRRiotD, Springer and Adjuster of Marine Chronometers and Deck 
Watches for the Admiralty. With over 200 Ilfustrations. Crown 8vo, cloth. 

[/usi Published. Net 4/6 

MODERN HOROLOGY, IN THEORY AND PRACTICE. 

Translated from the French of Claudius Saunibr, ex-Director of the School 
of YioxoXogy at Macon, by Julibn Tripplin, F.R.A.S., Besancon Watch 
Manufacturer, and Edward Rigg, M.A., Assayer in the Royal Mint. Whb 
Seventy-eight Woodcuts and Twenty-two Coloured Copper Plates. Second 
Edition. Super-royal 8vo, £2 2a. cloth ; half-calf . . £2 IDs. 

"There is no horological work in the En^rUsh languasre at all to be compared to thisDradnc- 
tlon of M. Saunier's for clearness and completeness. It is alike gfood as a gfuioe for the student and 
as a r e f e r ence for the experienced horologist and skilled woitkxaaxL"—HoroUig^ical journal, 

"The latest, the most complete, and the most reliable of those literary productions to which 
continental watchmakers are indebted for the mechanical superiority over their English bnthrea 
—In feet, the Book of Books is M. Saunier's • Treatise.' "—fVatehmaker, JetueUer, andSUveramUh. 

THE WATCH ADJUSTER'S MANUAL* 

A Practical Gtude for the Watch and Chronometer Adjtister in Making, 
Springing, Timing and Adjusting for Isochronism, Positions and Temperatores. 
By C. £. Fritts. 370 pp., with Illustrations, 8vo, cloth . . . 16/0 

THE WATCHMAKER'S HANDBOOK. 

Intended as a Workshop Companion for those engaged in Watchmaking and 

the Allied Mechanical Arts. Translated from the French of CuiUDius 

Saunibr, and enlarged by Julibn Tripplin, F.R.A.S., and Edward Rigg, 

M.A., Assayer in the Royal Mint. Third Edition. Cr. 8vo, cloth. . 9/0 

*' Each part is truly a treatise in itself. The arrangement is good and the language Is dear 
and concise. It is an admirable guide for the young watclmiaker."— ^M^xeeriM^. 

HISTORY OP WATCHES & OTHER TIMEKEEPERS. 

By James F. Kendal, M.B.H. Inst. 1/6 boards; or cloth, gilt . 2/6 

"The best which has yet appeared on this subject in the Engflish language." — IndHsirUs. 
" Open the book where you may, there is interesting matter in it concerning the faigeoloas 
devices 01 the ancient or modem horologer." — Saturday Review. 

ELECTRO PLATlNa&ELECTROREFlNlNaoPMETAL5. 

Being a new edition of Alexander Watt's " Electro-Deposition." Re- 
vised and Largely Rewritten by Arnold Philip, B.Sc, A.I.E.E., Principal 
Assistant to the Admiralty Chemist. Large Crown 8vo, cloth. . Net "1 2/6 
'* Altogether the work can be highly recommended to every electro-fdater, and is of un- 
dotibted interest to every electro-metallurgist," — Electrical Review. 

"Eminently a book for the practical worker in electro-deposition. It contains practical 
descriptions of methods, processes and materials, as actually pursued and used in the woikahop."— 
Bnginter, 

ELECTRO-METALLURQY. 

Practically Treated. By Alexander Watt. Tenth Edition, mcluding the 

most recent Processes. i2mo, cloth 8/6 

" From this book both amateur and artisan may leani everything necessary for the mcceasfiil 
prosecution of electroplating."— /r0». 

JEWELLER'S ASSISTANT IN WORKING IN GOLD. 

A Practical Treatise for Masters and Workmen, Compiled from the Experience 
of Thirty Years' Workshop Practice. By George E. Gee. Crown 8vo. 7/6 
" This manual of technical education is apparently destined to be a valuable aiuHaiy to a 
handicraft which Is certainly capable of great Improvement."— rA« Times, 

ELECTROPLATING. 

A Practical Handbook on the Deposition of Copper, Silver, Nickel, Gold, 
Aluminium, Brass, Platinum, &c., &c. By J. W. Urquhart, C.E. Fourth 
Edition, Revised. Crown 8vo, cloth 5/O 

" An excellent practical vcaxaxal."— Engineerings. 

" An excellent work, giving the newest information."— /Toro/tfj^^tt/ youmaL 
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ELECTROTYPINQ. 

The Reproduction and Multiplication of Printing Surfaces and Works of Art 
by the Electro-Deposition of Metals. By J. W. Urquhart, C.£. Crown 8vo, 

cloth 6/0 

" The book is thoroughly practical ; the reader is, therefore, ccmducted through the leading 

laws of electricity, then through the metals used byelectrotypers, the apparatus, and the depositing 

pracesaes. up to the final preparation of the work/*— ^W y«$4mai, 

GOLDSMITH'S HANDBOOK. 

By Gborgb E. Gbk, Jeweller, &c. Fifth Edition. lamo, doth . . 8/0 
** A good, sound educator."— /^«r0/csr«as/ yt$tmai. 

SILVERSMITH'S HANDBOOK. 

By Gborgb £. Gbb, Jeweller, &c. Third Edition, with numerous Illustra- 
tions, zamo, cloth . 8/0 

"The chief merit of the work is Us practical character. . . . The workers la the trade will 
speedily discover its merits when they sit down to study It,"— English MtcManic. 

*«* The abovs two works togsthett strongly hal/'bound, pries 7s, 

SHEET METAL WORKER'S INSTRUCTOR. 

Comprising a Selection of Geometrical Problems and Practical Rules for 
Describing the Various Patterns Required by Zinc, Sheet-Iron, Copper, and 
Tin-Plate Workers. By Rbubsn Hbnry Warn, Practical Tin-Plate Worker. 
New Edition, Revised and greatly Enlarged by Joseph G. Hokner, 
A.M.I.M.E. Crown 8vo, 254 pp., with 430 Illustrations, cloth . • 7/0 

SAVOURIES AND SWEETS 

Suitable for Luncheons and Dinners. By Miss M. L. Allen (Mrs. A. 
Macaire), Author of " Breakfast Dishes," &c. Twenty-ninth Edition. F'cap 
8vo, sewed 'I/O 

BREAKFAST DISHES 

For Every Morning of Tbrte Month*. By Miss Allen (Mrs A. Macaire), 
Author of " Savouries and Sweets," &c. Twenty-second Edition. F'cap 8vo, 
sewed 1/0 

BREAD & BISCUIT BAKER'S & SUGAR- BOILER'S 

A55I5TANT. 

Including a large variety of Modern Recipes. With Remarks on the Art of 
Bread-nudcing. By Robert Wells. Third Edition. Crown 8vo * '1/0 

" A laise number of wrinldes for the ordinary cook, as well as the h9kKt."—Sahtrday Rtvitw. 

PASTRYCOOK & CONFECTIONER'S QUIDE« 

For Hotels, Restaurants, and the Trade in general, adapted also for Family 

Use. By R. Wells, Author of " The Bread and Biscuit Baker " . .I/O 

" We cannot spealc too highly of this really excellent worlb In these days of keen competition 
our leaders cannot do better than purchase this hook,"— BaJUrs' Times, 

ORNAMENTAL CONFECTIONERY. 

A Guide for Bakers, Confectioners and Pastrycooks ; including a variety of 

Modem Recipes, and Remarks on Decorative and Coloured Work. With xao 

Original Designs. By Robert Wells. Crown 8vo, cloth 0/0 

" A valuable work, practical, and should be in the hands of every baker and confectioner. 

The B h ist r a tiv e designs are worth treble the amount charged for the •wotk,''—BaJUrt' Timu. 

MODERN FLOUR CONFECTIONER. 

Containing a large Collection of Recipes for Cheap Cakes, Biscuits, &c. With 

remarks on the Ingredients Used in tneir Manufacture. By R. Wells. 1 /O 

" The work is of a decidedly practical character, and in every recipe regard is had to economical 
woiUng."— A«r<A SriHsh Daily Mail. 

RUBBER HAND STAMPS 

And the Manipulation of Rubber. A Practical Treatise on the Manufacture of 
Indiarubber Hand Stamps, Small Articles of Indiarubber, The Hektograph, 
Special Inks, Cements, and Allied Subjects. By T. O'Conor Sloanb, A.M., 
Ph.D. With numerous Illustrations. Square 8vo, cloth. . . . 6/0 
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HANDYBOOKS FOR HANDICRAFTS. 

BY PAUL N. HASLUCK. 

Editor of " Work " (New Series), Author of " Lathe Work," " Milling Machines, " ftc. 

Crown 8vo, 144 pp., price xs. each. 



I,.' Th*54 Handybooks hav4 bein wtUUn to supply informaHou for Workmbn. 
Studbnts, and Amateurs in tfu s*v4ral Handicrafts^ on tfu actual Pkacticb of 
th$ Workshop, and art intended to convty in plain languagt Technical Know> 
LBDGB of ths sevtral Crafts. In dtscribing tht proctssts employ$d, and tfu manipu- 
lotion of material, workshop terms are used ; workshop practice is fully explained ; 
and the text is freely illustrated with drawings of modem tools, appliances, and 
procnses. 

MBTAL TURNER'S HANDYBOOK. 

A Practical Manual for Workers at the Foot-Lathe. With 100 IHiistration^. 

1/0 

" The book will be of service alike to the amateur and the artisan tnmer. It dteplaf* 
thorough knowledge of the subject."— 5<«<r*Maf». 

WOOD TURNER'S HANDYBOOK. 

A Practical Manual for Workers at the Lathe. With over xoo Illustrations. 

1/0 

" We recommend the book to young turners and amateurs. A multitude of worfcaen have 
hitherto sought in vain for a manual of this special industry."— AftcAaM^ka/ Wvrld, 

WATCH JOBBER'S HANDYBOOK. 

A Practical Manual on Cleaning, Repairing, and Adjusting. With upwards of 

xoo Illustrations 1 /Q 

" We strongly advise all young persons connected with the watch trade to eatfiAm aad stud^ 
this InexpensiTe ytoik,''~-^Urk€H-weU ChnmicU. 

PATTERN MAKER'S HANDYBOOK. 

A Practical Manual on the Construction of Patterns for Foonden. With 

upwards of xoo Illustrations I/O 

^ A most valuable, if not indispensable manual for the pattern maker."— Ar«MwM(f«. 

MECHANIC'S WORKSHOP HANDYBOOK. 

A Practical Manual on Mechanical Manipulation, emhracing Information 
on various Handicraft Processes. With Useful Notes and Miscellaneous 

Memoranda. Comprising about 200 Subjects I/O 

Ibe - - - ----- 
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"A very clever and useful book, which should be found in every worlohop; aad It should 
certainly find a place in all technical schooV^"— Saturday Review. 

MODEL ENGINEER'S HANDYBOOK. 

A Practical Manual on the Construction of Model Steam Engines. With 

upwards of xoo Illustrations .I/O 

"Mr. Hasluck has produced a very good little hook."— Builder, 

CLOCK JOBBER'5 HANDYBOOK. 

A Practical Manual on Cleaning, Repairing, and Adjusting. With upwards of 

xoo Illustrations I/O 

" It is of inestimable service to those commencing the trade. "—Ce ven iry Stmndmrd* 

CABINET WORKER'S HANDYBOOK. 

A Practical Manual on the Tools, Materials, Appliances, and Processes 
employed in Cabinet Work. With upwards of xoo Illustrations . .I/O 
*' Mr. Hasluck's thorough-going little Handybook is amongst the most practical guides we 
have seen for beginners in cabmet-work."— ^a/MrAsy Review. 

WOODWORKER'S HANDYBOOK. 

Embracing Information on the Tools, Materials, Appliances and Processes 
Employed in Woodworking. With 104 Illustrations 1/0 

" Written by a man who knows, not only how work ought to be done, but how to do It, and 
how to convey his knowledge to athets."—EHgine€riu£, 

" Mr. Hasluck writes admirably, and gives complete instructions."— i?MS^M«cr. 

" Mr. Hasluck combines the experience of a practical teacher with the manipulative skill and 
scientific knowledge of processes of the trained mechanician, and the manuate are marvels of what 
can be produced at a popular price."— SfAM/tMOftirr. 

"Helpful to workmen of all ages and dofrees of experience."— Z>«itf(y Ckrvniele, 

*' Concise, clear, and practical."— SoAfrd^iy Review. 
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COMMERCE, COUNTING-HOUSE WORK, 

TABLES, ETC. 



LB550N5 IN COMMERCE. 

By Professor R. Gambaro, of the Royal High Commercial School at Genoa. 
Eaited and Revised by Jambs Gault, Professor of Commerce and Commercial 
Law in King's College, Liondon. Fourth Edition. Crown 8vo, cloth . 8/6 

** The pubUshets of this work hare rendered considerable service to the cause of commeicial 
education by the opportune production of this volume. . . . The woric is peculiarly acceptable to 
EngMih readers ana an admirable addition to existiiii; class books. In a phrase, we think the work 
attains its object in furnishing a brief account of those laws and customs of British trade with which 
the commercial man interested therein should be familiar."— CAa»w^<r e^ CotHnurce youmtU. 

" An invaluable guide in the hands of those who are preparing for a commercial career, and, 
la fact, the information it contains on matters of business should be impressed on every one."— 

THE FOREIGN COMMERCIAL CORRESPONDENT. 

Bong Aids to Commercial Corres{>endence in Five Languages — English, 
French, German, Italian, and Spanish. By Conrad E. Bakbr. Third 
Edition, Carefully Revised Throughout. Crown 8vo, cloth . . . 4/6 

** Whoever wishes to correspond fai all the languages mentioned by Mr. Baker cannot do 
better than study this work, the materials of which are excellent and conveniently arranged. They 
consist not of entire specimen letters, but— what are fax more usefid — short passages, sentences, or 
phrases expressing the same general idea in various ioxxa&."—'Athetunttn. 

"A careful examination has convinced us that it is unusually complete, well arranged and 
teHaUe. The book is a thorough^ good one. "— 5cft«e/«vMtf<rr. 

FACTORY ACCOUNTS: their PRINCIPLES & PRACTICE. 

A Handbook for Accountants and Manufiictoxers, with Appendices on the 
Nomenclature of Madiine Details; the Income Tax Acts: the Rating of 
Factories ; Fire and Boiler Insurance ; the Factory and Woricshop Acts, sc, 
including also a Glossary of Terms and a large number of Specimen Rulings. 
By Emilb Garckb and J. M. Fblls. Fifth Edition, Revised and Enlarged. 
Demy 8vo, cloth ...,,...,., 7/6 

" A very interesting description of the requirements of Factory Accounts. . . . The principle 
of assimilating the Factory Accounts to the general conunercial books is one which we thoroughly 
«gree ^Mti," ■— Accountants' yottmal, 

" Characterised by extreme thoroughness. There are few owners of factories iriio would not 
•derive great benefit from the perusal of this most admirable woA,"^L0eaiGavtmnuntCfiraMieU. 

MODERN METROLOGY. 

A Manual of the Metrical Units and Systems of the present Century. With 

an Appendix containing a proposed English System. B^ Lewis D. A. 

Jackson, A. M. Inst. C. E., Author of " Aid to Survey Practice," &c. Large 

crown 8vo, cloth 1 2/6 

"We recommend the work to all interested in the practical reform of our weights and 
eBeasaies."-^0tfw*Y. 

A SERIES OP METRIC TABLES. 

In which the British Standard Measures and Weights are compared with those 

of the Metric System at present in Use on the Continent. By C. H. Dowling, 

C.E. 8vo, cloth 10/6 

" Mr. Dowling's Tables are well put together as a ready reckoner for the omverslon of one 
system into the other."— A thtmtum, 

IRON AND METAL TRADES' COMPANION^ 

For Expeditiously Ascertaining the Value of any Goods bought or sold by 
Weight, frori) xs. per cwt. to xias. per cwt., and from one farthing per pound to 
one shilling per pound. By Thomas Downib. Strongly bound in leather, 
396 pp 9/0 

" A roost useful set of tables, nothing like them before vjAsted."—Buildintr Ntws. 

" Although specially adapted to the iron and metal tradM, the tables wID be found osefbl fn 
'every other business in wtiich merchandlw Is bought and sold by weight."-— ftac/woy Nrmr. 
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NUMBER, WEIGHT, AND FRACTIONAL CALCULATOR. 

Containing upwards of 950,000 Separate Calculations, showing at a Glance ttw 
Value at 422 Different Rates, ranging from xiyth of a Penn^ to 20s. each, or per 
cwt., and £qo per ton, of any numl^r of articles consecutively, from x to 470. 
Any number of cwts., ars., and lbs., from x cwt. to 470 cwts. Any numbo: tk 
tons.^ cwts., qrs., and lbs., from x to x,ooo tons. By William Chadwick, 
Public Accountant. Third Editicm, Revised and Improved. 8vo, strongly 

bound 18/u 

** It is as easy of reference for any answer or any number of answers as a dictionary. For 
makinK up accounts or estimates the book must prore mraluable to all who have any considerable 
quanti^ of calculations involving: price and measure in any ccnnbination to 6.o"—EMgin«tr, 
"The most perfect work of the kind yet prepared."— (rZox^fvw Htraid, 

THE WEIGHT CALCULATOR. 

Being a Series of Tables upon a New and Comprehenave Plan, exhibiting at 
one Reference the exact Value of any Weight from i lb. to 15 tons, at 300 
Progressive Rates, from id. to x68s. per cwt., and containing x86.ooo Direct 
Answers, which, with their Combinations, consisting of a single addition 
(mostly to be performed at sight), will afford an aggregate of xo,266,ooo 
Answers ; the wnole being calcmated and designed to ensure correctness and 

Eromote despatch. By Hbnrv Harbbn, Accountant. Sixth Edition, carefrdly 
orrected. Royal Svo, strongly half-bound. [Just Publuhtd. £1 fia. 

** A practical and useful work of reference for men of budness generally."— /rvwwMfuvr. 

" Ot^ priceless value to business men. It is a necessary book in all mercantile offices."— 

THE DISCOUNT GUIDE. 

Comprising several Series of Tables for the Use of Merchants, Manufacturers, 
Ironmongers, and Others, by which maybe ascertained the Exact Profit arising 
from any mode of using Discotmts, either in the Purchase or Sale of Goods, and 
the method of either Altering a Rate of Discount, or Advancing a Price, so as 
to produce, by one operation, a sum that will realise anv required Profit afttf 
allowing one or more Discounts : to which are added Tables of Profit or 
Advance from \\ to 90 per cent., Tables of Discount from xj; to 98^ per cent., 
and Tables of Commission, &c., from | to xo per cent. By Hbmry Harbbn, 
Accountant. New Edition, Corrected. Demy 8vo, half-bound . £1 5«. 
" A book such as this can only be appreciated by business men, to whom the saving of time 

mieans saving of money. The work must prove of neat value to merchants, manufecturen, and 

ffeneialtndeis."— ArMrA TrtuU Journal, 

TABLE5 OF WAGB5. 

•^t 54i 53i 50 And 48 Hoturs per Week. Showing the Amounts of Wages from 
One quarter of an hour to Sixty-four hours, in each case at Rates 01 Wages 
advancing by One Shilling from 4s. to 555. per week. By Thos. Garbutt, 
Accountant. Square crown Svo, half-bound • 8/0 

IRON-PLATE WEIGHT TABLES. 

For Iron Shipbuilders, Engineers, and Iron Merchants. Containing the 
Calculated Weights of upwards of 150,000 different sizes of Iron Plates from 
X foot by 6 in. by i in. to 10 feet by 5 feet by i in. Worked out on the Basis of 
40 lbs. to the square foot of Iron of x inch in thickness. By H. Burlinson 
and W. H. Simpson. 4to, half-bocud ...... £1 6t. 
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AGRICULTURE, FARMING, 
GARDENING, ETC. 

THE COMPLETE QRAZIER AND PARMER'S AND 

CATTLE BRBBDBR*S ASSISTANT. 

A Compendium of Husbandry. Originally Written by William Youatt. 
Fourteenth Edition, entirely Re-written, considerably Enlarged, and brought 
up to Present Requirements, by William Frbam, LL.D.. Assistant Com- 
missioner, Royal Commission on Agriculture, Author of " The Elements of 
Agriculture," &c. Royal 8vo, z,xoo pp., 450 Illustrations^ handsomely bound. 

£1 11a. 6d. 

Book I. On the Varibtibs, Brbbding, 
Rbaring, Fattbning and Managb- 
MBNT OF Cattle. 

BOOK II. ON THE ECONOMY AND MAN- 

agbmbnt of the dairy. 
Book hi. On the Breeding. Rearing, 

AND Management of Horses. 
Book IV. on the breeding. Rearing, 

AND Fattening of Sheep. 
Book v. on the breeding, rearing, 

AND Fattbning of swine. 
Book VI. on the Disbasbs of livb 

Stock. 



Book VII. on the breeding, Rearing, 
AND Management of Poultry. 

Book VIII. on farm Offices and 
Implements of husbandry. 

BOOK IX. On the Culture and Man- 
agement of Grass L.ands. 

Book x. on the cultivation and 
application of grasses, pulse and 
Roots. 

BOOK XI. ON Manures and their 
Application to Grass Land and 
Crops. 

book XII. Monthly Calendars of 
Farmwork. 

" Dr. Fream is to be cons^tulated on the successful attempt he has made to glre us a work 
which will at once become the standard classic of the &rm practice of the country. We believe 
that it will be found that it has no compeer among the many works at present in existence. . . . 
The illustrations are adniirable, while the frontispiece, which represents the well-known bull. 
New Year's Gift, bred by the Queen, is a work of art. "— 3 A« Times. 

"The book must be recognised as occupying the proud position of the most exhaustive work 
of lefiBience in the English lanjgcuage on the subject with which it deals."— yfM«»<rMm. 

"The most comprehenstve guide to modem farm practice that exists in the E ng lish language 
to-day. . . . The book is one that ought to \» on every farm and in the library of every land 
owaex"— Mark Lane Excess. 

" In point of exhaustiveness and accuracy the work will certainly hold a pre-eminent and 
unique position among books dealing with scientific eigricultural practice. It is, in fact, an agricul- 
tural library of itself. ''--iV«r«A British Agriculturist. 

FARM LIVE STOCK OF GREAT BRITAIN. 

By Robert Wallace, F.L.S., F.R.S.E.. &c.. Professor of Agricultcure and 

Rural Economy in the University of Edinburgh. Third Edition, thorotighly 

Revised and considerably Enlarged. With over lao Phototypes of Prize 

Stock. Demy 8vo, 384 pp., with 79 Plates and Maps, cloth. . . 1 2/6 

"A really complete work on the history, breeds, and management of the fiurm stock of .Gieat 

Britain, and one which is likely to find its way to the shelves of every country gentleman's fibcary." 

•~Th€ Titnes. 

"The * Farm Live Stock of Great Britain ' is a production to be proud of, and its issue not th6 
least of the services which its author has rendered to agricultural scieace."— Scottish Famur. 

NOTE-BOOK OF AGRICULTURAL FACT5 & FIGURES 

FOR FARMERS AND FARM STUDENTS. 

By Primrose McConnbll, B.Sc, Fellow of the Highland and Agricultural 
Society, Author of " Elements of Fanning." Sixth Edition, Re-written, Revised, 
and greatly Enlarged. Fcap. Svo, 480 pp., leather, gilt edges . • 6/0 

Contents — Survbying and lrvblling.— Wrights and mbasurbs.— Machinbry 
AND Buildings. — labour. — operations. — Draining. — Embanking. — Geological 
Memoranda. — Soils. — manures. — Cropping. — Crops.— Rotations. — weeds. — 
Feeding.— Dairying.— Livb Stock.— Horses.- Cattlb. — Shbbp.— Pigs.— Poultry,— 
Forestry.- Horticulture.- M iscellanbous. 

" No farmer, and certahily no agricultural student, ought to be without this multum-4H-^rvo 
manual of all subjects connected with the farm."— yV^riA British Agriculturist. 

"This little pocket-book contains a large amount of useful information upon all kinds of 
agricultural subjects. Something of the kind has long been wanted."— Afarir Lane Exfir ess. 

"The amount of iniormatiun it contains is most surprising ; the arrangement of the matter is 
so methodical— although so compressed— as to be intelllglMe to everyone who takes a glance through 
Its pages. They teem with information."— farm and Home. 

THE ELEMENTS OF AGRICULTURAL OEOLOQY. 

A Scientific Aid to Practical Farming. By Primrose McConnbll. Author of 
"Note-Bookof Agricultural Facts and Figures," &c. Royal Svo, cloth. 

N«^21/0 

"On every page the work bears the impress of a masterly knowledge of the subject dealt 
with, and we have notliing but unstinted praise to offer."— Field. 
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BRITISH DAIRYING* 

A Hand^ Volume on the Work of the Dairy- Farm. For the Use of Technical 
Instruction Classes, Students in Agricultural Colleges and the Working Dairy« 
Farmer. By Prof. J. P. Shbldon. With Illustrations. Second Edition, 
Revised. Crown 8vo, cloth 2/8 

" Confidently recommended as a useful text-book on daliy bamint[."—AgrieuU$traI Gaaem. 
"Probably the best half-crown manual on dairy work that has yet been produced. "—A^rcA 
BrMsM jtfvicuUurist. 

" It is the soundest little work we have yet seen on the subject."— 7?k« Timts. 

MILK, CHBBSE, AND BUTTBR« 

A Practical Handbook on their Properties and the Processes of their Produc* 
tion. Including a Chapter on Cream and the Methods of its Separation from 
Milk. By John Oliver, late Principal of the Western Dauy Institute, 
Berkeley. With Coloured Plates and soo Illustrations. Crown 8vo, cloth. 

7/6 

" An exhaustive and masterly production. It may be cordially reconmiended to aH students 
and practitioners of dairy scieacte.— North British Agriculturist. 

" We recommend this very comprehensive and carefully-written book to dairy-fermers and 
students of dairying. It is a disonct acquisition to the library of the agriculturist."— ><^ri^Aw*w/ 
Gaxttte. 

SYSTEMATIC SMALL FARMING. 

Or, The Lessons of My Farm. Being an Introduction to Modem Farm 

Practice for Small Farmers. By R. Scott Burn, Author of " Outlines <A 

Modem Farming," &c. Crown 8vo, cloth 6/0 

" This is the completest book of its class we have seen, and one which every amateur former 
win read with pleasure, and accept as a guide."— Fir^<. 

OUTLINES OP MODERN FARMING. 

By R. Scott Burn. Soils, Manures, and Cropfr— Farming and Farming 
Economy — Cattle^ Sheep, and Horses — Management of Dauyj Pigs, and 
Poultrjr — Utilisation of Tovm-Sewage, Irrigation, &c. Sixth Edition. In One 
Vol., 1,250 pp., half-bound, profusely Illustrated 12/0 

FARM ENGINEERING, The COMPLETE TEXT-BOOK of. 

Comprising Draining and Embanking ; Irrigation and Water Supply ; Farm 
Roads, Fences and Gates ; Farm Buildings ; Barn Implements and Machines ; 
Field Implements and Machines ; Agricultural Surveying, &c. By Professor 
John Scott. In One Vol., 1,150 pp., half-bound, with over 600 Illustrations. 

12/0 

" Written with great care, as well as with knowledge and ability. The author has done his 
work well ; we have found him a very trustworthy guide wherever we have tested his statements. 
The volume will be of great value to agricultural students."— Afitrii Lane Express. 

THE FIELDS OP GREAT BRITAIN. 

A Text-Book of Agriculture. Adapted to the Syllabus of the Science and 
Art Department. For Elementary and Advanced Students. By Hugh 
Clements (Board of Trade). Second Edition, Revised, with Additions. 
i8mo, cloth 2/6 

" It is a long time since we have seen a book which has pleased us more, or which contains 
such a vast and useful fund of lea.o'wl'edigp."— Educational Times. 

TABLES and MEMORANDA for FARMERS, GRAZIERS, 

AGRICULTURAL 5TUDBNT5, SURVEYORS, LAND AOBNTS, 
AUCTIONEERS, &c. 

With a New System of Farm Book-keeping. By Sidney Francis. Fifth 

Edition. 272 pp., waistcoat-pocket size, limp leather . . . • 1 /6 

" Weighing less than x oc, and occupyingno more space than a match-box. It contains amass 
of fectsand calculations which has never before, in such handy form, been obtainable. Every 
operation on the farm is dealt with. The work may be taken as thoroughly accurate, the whole of 
the tables havhig been revised by Dr. Fream. We cordially recommend it,"— BeWs IVeekly 
Messenger. 

THE ROTHAMSTED EXPERIMENTS AND THEIR 

PRACTICAL LESSONS FOR FARMERS. 

Part L Stock. Part II. Crops. By C. J. R. Tipper. Crown 8vo, cloth. 

3/6 

" We have no doubt that the book will be welcomed by a large class of farmers and others 
interested In agriculture." — Standard. 
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PERT1LI5BR5 AND FEEDING 5TUPP5. 

Their Properties and Uses. A Handbook for the Practical Farmer. By 
BbrnardDver, D.Sc. (Lond.). ^ With the Text of the Fertilisers and Feeding 
Stuffs Act of 1893, The Regulations and Forms of the Board of A^icultuve, 
and Notes on the Act by A. J.David, B.A., LL.M. Fourth Edition, Revised. 
Crown 8vo, cloth. [Just Published, 1/0 

"This little book is precisely what it professes to be — *A Handbook for the Practical 
Parmer.' Dr. Dyer has done {armors good service in placing at their disposal so OBuch useflil 
information in so intelligible a form."— 77m Times. 

BEES FOR PLEASURE AND PROFIT. 

A Guide to the Manipulation of Bees, the Production of Honey, and the 
General Management of the Apiary. By G. Gordon Samson. With 
numerous Illustrations. Crown 8vo, wrapper 1/0 

BOOK-KEEPING for FARMERS and ESTATE OWNERS. 

A Practical Treatise, presenting, in Three Plans, a System adapted for all 
Claisses of Farms. By Johnson M. Woodman, Chartered Accountant. 
Fourth Edition. Crown 8vo, cloth. [Just Publishtd. 2/6 

" The volume is a capital study of a most important subject"— ><^vicM/fMm/ GoMtUt. 

WOODMAN'S YEARLY FARM ACCOUNT BOOK. 

Giving Weekly Labour Account and Diary, and showing the Income and 
Expenditure under each Department of Crops, Live Stock, Dairy, &c., &c. 
With Valuation, Profit and Loss Account, and Balance Sheet at the End ot the 
Year. By Johnson M. Woodman, Chartered Accountant. Second Edition. 

Folio, half-bound Net 7/6 

" Contains every requisite for keeping farm accounts readily and accurately."— ^^WcwAwm. 

THE FORCING GARDEN. 

Or, How to Grow Early Fruits, Flowers and Vegetables. With Plans and 
Estimates for Building Glasshouses, Pits and Frames. With Illustrations. 

By Samubl Wood. Crown 8vo, cloth 8/6 

" A good book, containing a great deal of valuable teaching."— <ranJlrM/rf' Magagine. 

A PLAIN GUIDE TO GOOD GARDENING. 

Or, How to Grow Vegetables, Fruits, and Flowers. Bv S. Wood. Fourth 

Edition, with considerable ^Additions, and numerous Illustrations. Crown 

8vo, cloth 3/6 

'* A very good book, and one to be highly recommended as a practical guide. The practical 
directions are excellent."— ^M<iurtMw. 

MULTUM-IN-PARVO GARDENING. 

Or, How to Make One Acre of Land produce ;C63o a year, by the Cultivation 
of Fruits and Vegetables ; also. How to Grow Flowers in Three Glass Houses, 
so as to realise A176 per annum clear Profit. By Samubl Wood, Author of 
" Good Gardening, &c. Sixth Edition, Crown 8vo, sewed . . .1/0 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN. 

And Amateur's Complete Guide. By S. Wood. Crown 8vo, cloth . 3/6 

POTATOES: HOW TO GROW AND 5H0W THEM. 

A Practical Guide to the Cultivation and General Treatment of the^ Potato. 
By J. Pink. Crown 8vo 2/0 

MARKET AND KITCHEN GARDENING. 

By Ci W. Shaw, late Editor of *' Gardening Illustrated." Crown Bvoj cloth. 

3/6 
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AUCTIONEERING, VALUING, LAND 
SURVEYING, ESTATE AGENCY, ETC. 



INWOOD'5 TABLES FOR PURCHASING B5TATB5 

AND FOR THB VALUATION OP PROPBRTIBS, 

Including AdvoMrsons, Assunmce Policies, Copyholds, Deferred Annuities, 
Freeholds, Ground Rents, Immediate Annuities, Leaseholds, Life Thterests, 
Mortgages, Perpetuities, Renewals of Leases. Reversions, Sinking Funds, 
&c., &c. 27th Edition, Revised and Extended by William Schooling, 
F.R.A.Sm with Logarithms of Natural Numbers and Thoman's Logarithmic 
Interest and Annuity Tables. 360 pp., Demy 8vo, cloth. 

[Just Published, NetBJO 

'* Those interasted In the purchase and sale of estates, and in the adtastment of compensatloa 
cases, as well as in transactions ia annuities, lifis insufances, &c., will find the present edition of 
eminent senrice."— i?ftfvM<«r^i^. 

" This valuable oook has been considerably enlarged and Improved l^ the labours of 
Mr. Schooling:, ^d is now very complete indeed."— BcatMmist. 

" Altogether this edition will prove of extreme value to many classes of professioaal men in 
saving them many long and tedious calculations."— /M«wjiS»rf' Review. 

THB APPRAISER, AUCTIONEER, BROKER, HOUSE 

AND B5TATB AOBNT AND VALUBR'5 POCKBT A35I5TANT. 

For the Valuation for Purchase, Sale, or Renewal of Leases, Annuities, and 
Reversions, and of Property generally ; with Prices for Inventories, &C. By 
John Whbblbr, Valuer, &c. Sixth Koition, Re-written and greatly Extended 
by C. NoRRis. Royal 3amo, cloth 0/O 

" A neat and concise book of reference, containing an admirable and deariy-amnged list of 
prices for inventories, and a very practical guide to determine the value of furniture, Sk. "—StaMdard. 

" Contains a luge quantity of varied and useful information as to the valuation for puichaae, 
sale, or renewal of leases, annuities and reversions, and of property generally, with prices fiot 
Inventories, and a guide to determine the value of interior fittings and other ettect%.''—Bu4Ultr. 



AUCTIONEERS: THEIR DUTIES AND LIABILITIES. 

A Manual of Instruction and Counsel for the Young Auctioneer. By Robert 
Squibbs, Auctioneer. Second Edition, Revised. Demy 8vo, cloth . 12/8 

"The work Is one of general excellent character, and gives much informatloa In a com- 
pendious and satisfactory foxm."— Builder. 

" May be recommended as giving a great deal of Information on the law relating to 
auctioneers, in a very readable form. '—/Low youmal. 

THE AGRICULTURAL VALUER'S ASSISTANT. . 

A Practical Handbook on the Valuation of Landed Estates; indodingX 
Example of a Detailed Report on Management and Realisation ; Forms of 
Valuations of Tenant Right ; Lists of Local Agricultural Customs ; Scales of 
Compensation under the Agricultural Holdings Act, and a Brief Treatise on 
Compensation under the Limds Clauses Acts, &c. By Tom Bright, Agricul- 
tural Valuer. Author of "The Agricultural Surveyor and Estate Agent's 
Handbook." Fourth Edition, Revised, with Appendix containing a Digest of 
the Agricultural Holdings Acts, 1883 and 1900. Crown 8vo, cloth . Net SIO 

'* Full of tables and examples in connection with the valuation of tenant-right, es ta tes, labour, 
contents and weights of timber, and farm produce of all )tiads."—Agy-ictUturai Gaxeettt. 

" An eminently practical handbook, full of practical Ubles and data of undoubted Interest and 
value to surveyors and auctioneers in preparing valuations of all kinds."— ^arM«r. 

POLE PLANTATIONS AND UNDERWOODS. 

A Practical Handbook on Estimating the Cost of Forming, Renovating, 

Improving, and Grubbing Plantations and Underwoods, their Valuation for 

Purposes of Transfer, Rental, Sale or Assessment. By Tom Bright. Crown 

8vo, cloth 3/6 

"To valuers, foresters and agents It will be a welcome aid."— J\r«r6k BHHshAgrleuUitrist. 
" Well calculated to assist the valuer in the discharge of his duties, and of undoubted Interest 
and use both to surveyors and auctione ers In preparing valuations of all klnds."->Ar<w/ Htrmtd, 
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AGRICULTURAL SURVEYOR AND ESTATE AGENT'S 

HANDBOOK. 

Of Practical Rules, Formulae, Tables, and Data. A Comprehensive Manual 
for the Use of Surveyors, Agents, Landowners, and others interested in the 
Equipment, the Management, or the Valuation of Landed Estates. By 
Tom Bright, Agricultural Surveyor and Valuer, Author of " The Agri- 
cultural Valuer's Assistant," &c. With Illustrations. Fcap. 8vo, Leather. 

iV*/ 7/6 

" An exceedingfly useful book, the contents of which are admirably chosen. The classes for 
whom the work is intended will find it convenient to have this comprehensive handbook accessible 
for reference." — Live Stock y<ntmal. 

" It is a sini^ularly compact and well informed comptendium of the facts and fig^ures likely to 
be required in estate work, and is certain to prove of much service to those to whom it is 
addressed." — Scotsman. 

THE LAND VALUER'S BEST ASSISTANT* 

Being Tables on a very much Improved Plan^ for Calculating the Value of 
Estates. With Tables for reducing Scotch, Irish, and Provincial Customary 
Acres to Statute Measure, &c. By R. Hudson, C.E. New Edition. 

Royal 32mo, leather, elastic band 4/0 

"Of incalculable value to the country gentleman and professional man. "—Farwurx' youmal, 

THE LAND IMPROVER'S POCKET-BOOK. 

Comprising Formulae, Tables, and Memoranda required in any Computation 
relating to the Permanent Improvement of Landed Property. By Iohn Ewart, 
Surveyor. Second Edition, Revised. Royal 3amo, oblong, leather . 4/0 
" A compendious and handy little volume."— ^^ete<br. 

THE LAND VALUER'S COMPLETE POCKET-BOOK. 

Being the above Two Works bound together. Leather .... 7/6 

HANDBOOK OP HOUSE PROPERTY* 

A Popular and Practical Guide to^ the Purchase, Tenancy, and Com- 
pulsory Sale of Houses and Land, including Dilapidations and Fixttwes : 
with Examples of all kinds of Valuations, Information on Building and on the 
right use^ of Decorative Art. By £. L. Tarbuck, Architect and Scunreyor. 

Sixth Edition, xamo, cloth ' 0/0 

•* The advice is thorou?hly practical"— Zow youmeU, 
'" •• -  iealir 



" For all who have dealings with house property, this is an indispensable f[o\6»."—DecoraHoH. 
" Carefully brought up to date, and much improved by the addition of a division on Fine Art. 
A well-written and thoughtful work."— Z^imT Agents' Record, 



LAW AND MISCELLANEOUS. 



MODERN JOURNALISM. 

A Handbook of Instruction and Counsel for the Young Journalist. By John 

B. Mackie, Fellow of the Institute of Journalists. Crown 8vo, cloth . 2/0 

" This invaluable guide to journalism is a work which all aspirants to a Journalistic career will 
read wUh advantage."— y^wrwa/irA 

HANDBOOK FOR SOLICITORS AND ENGINEERS 

Engaged in Promoting Private Acts of Parliament and Provisional Orders for 
the Authorisation of Railways, Tramways, Gas and Water Works, &c. 
By L. L. Macassby, of the Middle Temple, Barrister-at-Law, M.I.C.E. 
8vo, cloth £1 6a. 

PATENTS for INVENTIONS, HOW to. PROCURE THEM. 

Compiled for the Use of Inventors, Patentees and others. By G. G. M. 
Hardingham, Assoc. Mem. Inst. C.E., &c. Demy 8vo, cloth . .1/6 

CONCILIATION & ARBITRATION In LABOUR DISPUTES. 

A Historical Sketch and Brief Statement of the Present Position of the 
Question at Home and Abroad. By J. S. Jeans. Crown 8vo, aoo pp., 
cloth i . . , 2/6 
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EVERY MAN'S OWN LAWYER. 

A Handy-Book of the Principles of Law and Equity. With a Concise 
Dictionary of Legal Terms. By A Barkister. ^ Forty-first Edition, care- 
fully Revised, and comprising New Acts of Parliament, including the Motor 
Car Act, 1903; Employment of Children Act, 1003; Pistols Act, 1003; Poor 
Prisoners' Defence Act, 1903 ; Education Acts of 1902 and 1903 ; Housing of 
the Working Classes Act, 1903, &c. Judicial Decisums pronounced dun igthe 
year hare also been duly noted. Crown 8vo, 800 pp., strongly bound in cloth. 

Just PubHsfUd. 6/8 

%* Thit Standard Work of Rejerettee forms a Complbtb Epitomb op thb 
LAWS OP England, comprising {fttnongst other matter): 

THE RIGHTS AND WRONGS OF INDIVIDUALS 



Landlord and Tenant 
Vbndors and Purchasers 
Leases and mortgages 

1 dint-stock companies 
lastbrs, servants and workmen 
contracts and agreements 
money lenders, suretlship 
partnership, shipping law 
sale and purchase op goods 
Cheques. Bills and Notes 
BILLS OP Sale, Bankruptcy 
LiPB, FiRB« AND Marine Insurance 
Libel and Slander 



Criminal Law 
parliamentary elections 
COUNTY Councils 
district and parish councils 
Borough Corporations 
Trustees and Executors 
Clergy and Churchwardens 
Copyright, Patents, trade Marks 
husband and WIPE, Divorce 

INPANCY, custody OP CHILDREN 

PUBLIC Health and Nuisances 
innkeepers and sporting 
Taxes and Death duties 



Forms op Wills, agreements. Notices, &c 

W^ The abject »/ this work is to enable those who eonsult ii it hslp thotnselvts /» tho 
taw ; and thsrtby to dispense, as far as OossibU, with professional assistanoe and advice. There 
are many wrongs and grievances which persons submit to from tints te time through not 
Jknowing hew or where te appiy for redrtss; and many persons have as great a dread^a 
lawyer's ofice as e/a lion's den. With this book at hand it is believed that many a SlX-AND- 
EigHTPENCE mav be saved ; manv a wrono redressed ; many a right reclaimed ; many a lam 
suit avoided ; ana many an eviiabiUed. The work has established itse^jT eu the standard legal 
adviser ^eUl classes, andhas also made a r^utation for itself eu a us^Ulbook ((f reference for 
Otwyers residing at a distance from law libraries, who are glad to hofoe eU hand a work 
e s n b o dy ing recent decisions and e na et m e nt* 

*«* Opinions op thb Press. 



" The amount of infonnation given in the volume is simply wonderfuL Tke continued 
popularity of the work shows that it fulfils a useful purpose."— Zow yourtial. 

" As a book of reference this volume is without a n\9L"—Pall Mall Gaoette. 

" No Englishman oug^ht to be without this book."— j^ny^rM^^r. 

" Ought to be in every business establishment and in all libranes."—Shi/ff!eld Pest. 

" The ' Concise Dictionary ' adds considerably to its value."— fVestminster Gaoette. 

** It Is a complete code of Eni^^ish Law written in plain language, which all can undeistand. 
. . . Should be in the hands of eveiy business |man, and all who wish to abolish lawyenf MBs."— 
fVeekly Times. 

" A useful and concise epitome of the law, compiled with considerable care."— A«w Metgaaine. 

" A complete d^est of the most useful facts which constitute English law." — Globe. 

"AdmiraUy done, admirably arranged, and admirably cheap."— Z^m^ Mercury. 

" A concise, cheap, and complete epitome of the English law. So plainly written that he who 
mas may read, and he who reads may understand."— ^i(f»rv. 

" A dictionary of legal iscts well put together. The book Is a very useful oaa."'^s;peciator. 



LABOUR CONTRACTS. 

A Popular Handbook on the Law of Contracts for Works and Services. By 
David Gibbons. Fourth Edition, with Appendix of Statutes by T. F. Uttlby, 



Solicitor. Fcap. 8vo, cloth 
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WEALE'S SCIENTIFIC & TECHNICAL SERIES. 



 



MATHEMATICS, ARITHMETIC, ac 

Geometry, Descriptive. J. F. Hsathsk • . • 2/- 

Practical Plane Geometry. J. F. Heathisb. • . 2/- 

Analytical Geometry. J. Hann& J. R. Yoitko. . 2/- 

Geometry. Part I. (Euclid, Bks. I.— III.) H. Law 1/6 
Part 11. (EucUd, Books IT., V., VI., XL, 

XIL). H. Law 1/6 

Geometry, in i toI. (EacHd's Elements) • . • . 2/6 

Plane Trigonometry. J. Hann . • . . ijf6 

Spherical Trigonometry. J. Hank . . . i/- 

The above 2 vols., bound together . . . .2/6 

Differential Calculus. W. S. B. Woolhousx . . 1/6 

Integral Calculus. H. Cox i/- 

Algebra. J. Haddon . 2/- 

Key to ditto 1/6 

Book-keeping. J. Haddok 1/6 

Arithmetic. J. R. Younq 1/6 

Key to ditto 1/6 

Equational Arithmetic. W. Hipsxjet . . . . 1/6 

Arithmetic. J. Haddon 1/6 

Key to ditto 1/6 

Mathematical Instruments. Heathbb & Walmislet 2/- 

Drawing & Measuring instruments. J. F. Hxathsb 1/6 
Optical Instruments. J. F. Hbatheb . .1/6 
Surveying & Astronomical Instruments. J. F 

Heather 1/6 

The abdve 3 vols., bound together .... 4/6 

Mensuration and Measuring, T. Bakbb . . . 1/6 

Slide Rule, & How to Use it G. Hoabb . . 2/6 



Measures, Weights, &, Moneys. W. S. B. Woolhottss 2/6 



Logarithms, Treatise on, with Tables. H. Law 
Compound Interest and Annuities. F. Thomak 
Compendious Calculator. D. 0'€U)Bican 

Mathematics. F. Campik 

Astronomy. E. Main & W. T. Lynk . 
Statics and Dynamics. T. Bakbb 
Superficial Measurement. J. Haweings 



3/- 
4/- 
2/6 

3/- 
2/- 

1/6 

3/6 
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A TECHNICAL SERIES. 
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ARCHITECTURE. 

LITLAND . . • 

. W. Tarn 



ig, /Wf W* JL 1I6B80N and J. P. Allen 
Book on Building. Sir £. Bbokbtt 
Dwelling Houses, Erection of. S. H. Brooks 



2/- 

3/6 

4/6 

2/6 



Cottage Building. C. B. Allen 2/- 

Acoustics of Public Buildings. Prof. T. R. Smith. 1/6 

Practical Bricklaying. A. Hammond . . . . 1/6 

Practical Brick Cutting & Setting. A. Hammond. 1/6 

Brickwork, F. Walker .1/6 

Brick and Tile Making. E. Dobson. . . • 3/~ 

Practical Brick & Tile Book.* Dobson & Hammond 6/- 

Carpentry and Joinery. T. Tredgold k E. W. Tarn 3/6 

Atlas of 35 plates to the aboye 6/- 

Handrailing, and Staircasing. G. Ck>LLiNQ8 . . 2/6 

Circular Work in Carpentry. G. Collinos . . 2/6 

Roof Carpentry. G. Collinos 2/- 

Construction of Roofs. E. W. Tarn . . . 1/6 

Joints used by Builders. J. W. Christt . . 3/- 

Shoring. G. H. Blagroyb 1/6 

Timber Importer's & Builder's Quide. R. E. Grandt 2/- 

Plumbing. W. P. Buohan . . . . . , 3/6 

Ventilation of Buildings. W. P. Buohan . . 3/6 

Practical Plasterer. W. Esmp . . . . . 2/- 

House-Painting. E. A. Davidson • • • 5/-* 

Elementary Decoration. J. W. Facet . . , , zj- 

Practical House Decoration. J. W. Facet • . 2/6 

Qas-Fitting. J. Blaok 2/6 

Portland Cement for Users. H. Faija . . • 2/- 

Limes, Cements, & Mortars. G. R. Burnell . . 1/6 

Masonry and Stone Cutting. E. Dobson • . 2/6 

Arches, Piers, and Buttresses. W. Bland . . 1/6 

Quantities and Measurements. A. C. Beaton . 1/6 

Complete Measurer. R. Horton . . . 4/- 

Superficial Measurement. J. Hawkings • . 3/6 

Light, for use of Architects. K W. Tarn . . iif6 

Hints to Young Architects. Wiohtwick & Gtjillatjme 3/6 

Dictionary of Architectural Terms. J. Wealb . 5/- 
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House Decoration. J. W. Facet. 
Letter^P«inting Made Easy. J. G, 
Boot and Shoemaking. J. B. Lbko 
Mechanical Dentistry. C. HmiTSB . 
Wood Engraving. W, N. Bbown. 
Laundry Management . 
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